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ABSTRACT 
 
 
Hospitalised patients are most likely to suffer harm in the operating theatre. Non-technical 
and team skills have been identified, and are increasingly recognised, as critical to safety and 
efficiency in the operating theatre. Despite increasing awareness of the importance of these 
skills to patient safety, education, training and assessment is lacking. The overarching aim of 
this Thesis is to facilitate and accelerate the integration of these skills into the education, 
training, and assessment of operating theatre teams by addressing a number of challenges 
related to this endeavour.  
 
An introduction to patient safety and the core non-technical and team skills that underpin 
expertise and safety in the operating theatre is presented, providing the theoretical basis for 
this work (Chapters 1 & 2). A systematic review on the impact of non-technical skills on 
technical performance in surgery is presented (Chapter 3), underlining the need to integrate 
these skills into the education, training and assessment of operating theatre teams.  The 
empirical work of this Thesis is then reported. An observational study exploring stress and 
teamwork in the operating theatre is presented (Chapter 4), increasing our understanding of 
the factors that facilitate and impede teamwork in the operating theatre. To ensure the robust 
assessment of teamwork in the operating theatre, the formal content validation and 
refinement of the Observational Teamwork Assessment for Surgery (OTAS) tool is reported 
(Chapter 5). This is followed by an observational study exploring team performance at 
specific operative stages, as well as in multiport versus single incision laparoscopic surgery 
(Chapter 6).  Chapters 7-8 report the development of guidelines, based on expert consensus, 
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to train faculty in the assessment of non-technical and teamwork skills, an essential feat if 
non-technical and team skills are to be successfully integrated into the training and 
assessment of operating theatre teams. Chapter 9 reports the development, piloting and 
evaluation of a programme, based on the findings of Chapters 7-8, to train faculty to assess 
teamwork in the operating theatre. Finally, Chapter 10 provides a general discussion of the 
work presented in this Thesis, reflecting on the findings and the wider evidence base. 
Implications for clinical practice, patient safety and future research are explored.  
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1 PATIENT SAFETY & ADVERSE EVENTS IN THE 
OPERATING THEATRE 
 
1.1 Chapter Overview 
 
This chapter provides an overview of the theoretical and empirical evidence-base within 
which the work presented in this Thesis is situated. Firstly, a brief history of patient safety in 
healthcare is presented, documenting the increased recognition and changing 
conceptualisation of medical harm. Recommendations for improving patient safety are 
outlined and applied to surgery.    
 
1.1 Patient Safety 
 
Despite the best intentions of healthcare practitioners, the provision of care harms a 
substantial proportion of patients.  Whilst the ‘dark side’ of healthcare has always existed, 
indeed the phase ‘first do no harm’ has been central to medical practice since ancient times, 
[1] the extent and seriousness of medical harm was only fully realised in the 1990s. [2, 3] 
There is now substantial evidence that a significant number of patients are harmed 
worldwide; national studies conducted  in America, [4] Britain, [5] Australia, [6] New 
Zealand, [7] Canada, [8] and the Netherlands [9] have estimated that  between 3.7%-16.6% of 
patients admitted to hospital are likely to suffer an adverse events. Consistent across all 
studies, is the substantial proportion of adverse events considered preventable- up to 50% of 
adverse events are deemed preventable. [5]  In response to such evidence, an international 
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movement to minimise adverse events and eradicate preventable harm began to take place. 
[2] Patient safety defined as ‘a discipline in the health care sector that applies safety science 
methods toward the goal of achieving a trustworthy system of health care delivery. Patient 
safety is also an attribute of health care systems; it minimizes the incidence and impact of, 
and maximizes recovery from, adverse events’. (p.6) [3]  
 
Drawing inspiration from a range of disciplines outside of healthcare, in particular from 
cognitive psychology, human factors engineering, and organisational management science, 
and also lessons learned in other safety critical industries, a number of principles underlining 
efforts to improve the safety of patients emerged and changed the way in which risk and 
patient harm is conceptualised and tackled. Limiting blame, transparency and learning, and 
systems thinking are now fundamental concepts that are central to improving patient safety.    
 
1.2 Improving Patient Safety: Conceptualisations of Adverse Events 
 
‘The most detrimental error is failing to learn from an error.’  Reason  [10] 
 
Patient safety has resulted in a radical shift in thinking within healthcare; traditionally 
adverse events were thought to occur due to the careless and reckless actions of individual 
practitioners at the sharp end of patient care. [3, 11]  The sentiment that highly-trained, 
conscientious practitioners did not make mistakes resulted in the concealment of adverse 
events due to fear of punishment and feelings of guilt. [3] This ‘management’ of adverse 
events was considered effective in motivating practitioners to avoid making careless errors. 
The fact that the vast majority of errors are neither random nor do they involve ‘inadequate’ 
practitioners is simply neglected in this approach. This person-centred approach, whilst still 
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the dominant approach, is now considered inadequate and ill-suited to medicine. [11] The 
person-centred approach to the analysis and prevention of adverse events is depicted in 
Figure 1.1. 
   
Figure 1.1 Person-Centred Approach to the Analysis and Prevention of Adverse Events  
 
 
Analysis      Focus/Blame             Management/Prevention          
                           Strategies 
 
 
   
    
 
 
 
 
 
 
What has been described as a ‘quantum leap’ in patient safety efforts is the dramatic shift in 
the conceptualization of adverse events; from blaming individual practitioners, to focusing on 
the system that healthcare professional must work within. [3] Whilst the ‘System approach’ 
to error management is a relatively novel ‘tool’ in the quest to tackle adverse events in 
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healthcare, other high-risk industries including the aviation, military, nuclear power, and 
maritime industries have long benefited from applying this approach. [12] 
 
Clinical (e.g. Lucian Leape) and academic (e.g. James Reason) leaders have been credited for 
shaping a new way of understanding and preventing medical harm. In 2000, James Reason 
detailed the benefits of applying the ‘systems approach’ to healthcare. [11] The systems 
approach to healthcare, whilst acknowledging that humans are fallible and that errors are to 
be expected (and can never be fully eradicated), argues that errors are a consequence of 
systemic factors, largely beyond the control of individual clinicians. That is not to say that 
every adverse event in healthcare is blameless, however instead of blaming the individual 
most obviously associated with the error, examining the system within which the individual 
must perform is fundamental to understanding the complexity of error. The premise of the 
systems approach to error management is that multiple, intertwined factors must be 
considered if the full potential of minimising errors is to be realised. [11]  
 
The Swiss Cheese Model of system accidents
 
argues that adverse events arise from 
weaknesses in the defences of the system.
 
The defences of
 
the system are likened to slices of 
Swiss cheese; containing holes which constantly open, shut and shift location. Adverse events 
arise when the holes in a number of ‘slices’ align. Thus, a single underlying factor that ‘acts’ 
as a precondition for error is likely to be compensated, the likelihood of an adverse event 
increases when multiple factors arise simultaneously. For example, inadequate levels of 
staffing on their own may not be of significance however coupled with failures in equipment, 
inexperienced staff, and communication breakdowns combine to create an opportunity for 
errors to creep into the system. [11] 
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Adverse events stem from two sources; ‘active failures’ and ‘latent conditions’. [11] The 
majority of adverse events arise from a combination of both factors. Active failures are 
unsafe actions committed by individuals at the sharp end of care. These failures include 
violations of procedures and mistakes committed by individuals at the sharp end. Latent risk 
factors, which may lie undetected for some time, are deep rooted in the system and stem from 
decisions made at the top level of an organisation. Such factors include poor equipment 
design, inadequate procedures, lack of teamwork, and deficiencies in supervision and 
training. Latent conditions, if identified, can be rectified to enhance the defences of the 
system. Healthcare practitioners are considered the last line of defence and ‘inheritors’, rather 
than ‘instigators’ of an accident sequence. [13] Whilst is may appear the systems approach 
simply shifts the focus of blame from clinicians to the system, this conclusion is too 
simplistic. Rather, the central premise of the systems approach to error management is to 
strengthen the defences of the system by targeting multiple factors; including the individual 
practitioner, the healthcare team, the equipment, the work environment, and the organisation 
as a whole. Both the Institute of Medicine report: To Err is Human (1999), [14] and the 
British equivalent; An Organisation with a Memory: Learning from Adverse Events in the 
National Health Service (2000) [15] recommended applying the systems approach to 
identifying and preventing medical harm. Table 1.1 provides a brief summary of the vision 
set out in Department of Health’s report [15] in responding to adverse events in the NHS and 
the resultant recommendations for enhancing patient safety.
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Table 1.1: A New Approach to Responding to Adverse Events in the NHS and Key Recommendations 
Past/Present  
 
Future Vision Key Recommendations 
 
Blame Culture 
Fear of punishment (e.g. disciplinary action) 
widespread.  Individuals commonly 
scapegoated.  
 
 
Consequence(s) 
 
A major deterrent to reporting adverse events 
and near misses. 
 
Open and Blame-Free Culture  
Errors disclosed, reported and reviewed 
without fear of punishment. Individuals held 
accountable where justified. 
 
Consequence(s) 
 
Staff feel confident that reporting an adverse 
events or near misses will not result in 
punishment. Encourage staff to look critically 
at their own and their team’s actions and 
performance. 
 
Introduce a mandatory reporting scheme for 
adverse health care events and specified near 
misses. 
 
 
Introduce a scheme for confidential reporting 
by staff of adverse events and near misses. 
Interim measure until an open and blame free 
culture is widespread. 
 
 Encourage a reporting and questioning 
culture in the NHS.  
 
 
Disparate Adverse Event Databases 
 
Consequence(s) 
 
Adverse events typically viewed as isolated 
"one-offs" with lessons learnt regarded as 
primarily applicable to the individuals 
concerned.  Lack of recognition of the 
potential for replication of similar adverse 
events. 
  
 
 
 
 
 
Co-ordination of all Adverse Event 
Databases 
 
Consequence(s) 
 
Enable common factors and causes of 
adverse events to be identified. Recognition 
that lessons learned are likely to have 
widespread relevance.  
 
Introduce a single overall system for 
analysing and disseminating lessons from 
adverse health care events and near misses 
 
 Make better use of existing sources of 
information on adverse events 
 
Identify and address specific categories of 
serious recurring adverse health care event. 
 
33 
 
 
 
Attention focuses on individual error 
 
 
Consequence(s) 
Individuals viewed as the main source of 
error 
Individual training dominant 
 
 
Systems approach to identifying hazards 
and prevention 
 
Consequence(s) 
Recognition of the multiple factors that 
underlie error 
Team training more common 
 
Undertake a programme of basic research 
into adverse health care events in the NHS 
 
 
Note: Adapted from An Organisation with a Memory: Learning from Adverse Events in the NHS (p.79) [15]
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1.3 Patient Safety in the Operating Theatre 
 
The safety of surgical patients is a particular concern because the operating theatre has been 
identified as the most likely place for a patient to experience an adverse event; accounting for 
an estimated 41% of all adverse events experienced by hospitalised patients. [4] Several 
studies, conducted across the world, have examined the incidence, nature and preventability 
of adverse event in surgery, [16-18]  these are reviewed below. 
 
1.3.1 Magnitude, Nature and Preventability of Surgical Adverse Events 
 
Estimates of surgical patients experiencing an error vary between 3.0% [18] and 21.9% [17]  
Of all errors, 94.7% had no lasting effect on the patient, [18] 69·5 % of errors were of little or 
no consequence, [18] 25.2% required therapeutic intervention, [18] 4.7% [18] -9.4% [16] of 
errors lead to permanent injury and 0·6% [18] -5.6% [16] lead to death.   
 
The preventability of surgical adverse events have been estimated to vary between 54% [16] 
and 71.9% (of which 47.6% were judged highly preventable, and 31.4% were judged to have 
low preventability). Thoracic surgery has been associated with the highest error incidence 
rate (9.9%), and general surgery associated with the lowest error rate (3.9%). [18] 
Furthermore, particular operations have been found to be associated with higher adverse 
events incidence rates; Abdominal Aortic Aneurysm Repair (AAA repair) was found to be 
associated with the highest incidence of error (18.9%). [16] Consistent across two studies, 
[16, 18] error in technique was found to be the most common type of surgical error, (24.2% 
and 21.5% respectively). Wound infection and postoperative bleeding were found to be the 
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second and third most common type of post-operative adverse event, accounting for 11.2% 
and 10.8% of events respectively. [16] 
 
1.4 Application of the Systems Approach to Surgical Outcomes and 
Adverse Events  
 
The traditional model of surgical performance was conceptualised as a function of the 
patients’ risk factors (i.e. disease, comorbidities), the complexity of the surgical procedure, 
and the technical expertise of the operating surgeon. The increasing understanding and 
recognition that the technical expertise of the operating surgeon is not sufficient to 
consistently achieve safe surgery, has revolutionised the way in which surgical performance 
is understood and analysed. The traditionally conceptualisation of surgical performance is 
now recognised to neglect a range of factors that are understood to contribute to safe surgical 
performance and clinical outcomes.  In essence, Calland et al, 2002 [19] and Vincent et al, 
2004 [20] ‘translated’ Reason’s systems approach to surgery and identified a range of 
interdependent factors, including the technical and ‘non-technical skills’ of individual team 
members, team performance, the operating theatre environment, equipment design, and 
organisational factors, all of which are theorised to influence surgical performance and 
patient outcomes. 
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Figure 1.2: Systems Approach to Surgical Safety 
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Note: Adapted from Vincent et al. Systems approaches to surgical quality and safety: from 
concept to measurement. Ann Surg. 2004. 239(4):475-82. [20] 
 
The advocation of a systems approach to surgical safety has stimulated a great deal of 
research exploring the multiple factors identified. For instance, research has been conducted 
to gain a better understanding of the environment that operating theatre teams are required to 
work within e.g. levels of distractions in the operating theatre. [21, 22]   
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Also starting from the ‘systems approach’, a great deal of focus has been directed towards the 
non-technical and team skills of operating theatre teams. This stems largely from the fact that, 
as previously highlighted, healthcare professionals at the sharp end of patient care are the last 
line of defence in the system. Thus, whilst active failures committed by clinicians can lead to 
patient harm, clinicians can prevent patient harm by trapping and correcting their own and 
others’ errors, as well as compensating for the deficiencies deep rooted in the system. The 
focus of this Thesis is on the non-technical and teamwork skills of operating theatre teams 
that contribute to safety and efficiency in the operating theatre.  These skills are introduced in 
the next chapter.  
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2 NON-TECHNICAL SKILLS, TEAMWORK AND SAFETY 
IN THE OPERATING THEATRE  
 
2.1 Chapter Overview 
 
The previous chapter documented a changing shift in the factors understood to underpin 
safety in the operating theatre. This chapter focuses on the non-technical and team skills of 
operating theatre teams, and provides the background relating to the importance of these 
skills in maintaining high levels of safety and efficiency. The key non-technical skills of 
operating theatre team members (surgeons, anaesthetists, and theatre nurses) are identified. 
Behavioural marker systems that have been developed to assess these skills are described. 
Implications for education, training and assessment of non-technical and team skills are 
discussed and the specific aims of this Thesis are presented.  
 
2.2 Non-Technical Skills 
 
As highlighted in the previous chapter, a great deal of research has sought to identify and 
articulate the non-technical skills that contribute to safety in the operating theatre. This focus 
stems largely from the success witnessed in other work settings, outside of healthcare, that 
have adopted this approach in the quest to improve safety, efficiency and productivity. There 
is growing awareness that the skills required to consistently achieve safe surgery extend 
beyond the technical knowledge and skills of the operating surgeon. Skills such as 
communication, cooperation, leadership, situational awareness and decision-making are now 
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increasingly understood to contribute to patient safety in the operating theatre. Collectively 
such skills are referred to as non-technical skills; ‘the cognitive, social and personal resource 
skills that complement technical skills and contribute to safe and efficient task performance.’ 
(p.1) [12] Whilst the term ‘non-technical skills’ has only recently been extrapolated to 
healthcare, and in particular the operating theatre, the importance of non-technical skills to 
safety and efficiency has long been recognised and consequently embedded into the 
education, training and assessment of workers in many high-risk industries.   
 
The fundamental non-technical skills that have been identified to contribute to safety and 
efficiency, in a range of work-settings, include communication, teamwork, leadership (social 
skills), decision-making, situational awareness (cognitive skills), and managing stress and 
coping with fatigue (personal resource skills). [12] [22] The following section provides the 
background to the ‘origin’ of non-technical skills in other industries, with a particular focus 
on the aviation industry. 
 
2.3 Non-Technical Skills in High-Risk Industries 
 
At this point it is important to emphasise that whilst the term non-technical skills is relatively 
novel to all industries, the broad range of social, cognitive and personal resource skills that 
are captured within this term are by no means new skills. Rather, non-technical skills have 
always contributed to workers’ performance, however due to the lack of understanding of the 
importance of these skills and formal articulation, explicit education and training in these 
skills remained absent.  The realisation that failures in technology and workers’ technical 
skills were not causal factors in a significant proportion of accidents in many work-settings 
directed attention towards other potential factors and aspects of workers’ performance. [12]  
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The aviation industry is credited for unearthing the relationship between non-technical skills 
and accidents. The shift in focus from the technical skills of pilots, and the reliability of the 
aircraft, stemmed from a series of aviation accidents in the 1970s that, at the time, puzzled 
accident investigators due to the absence of technical skill failings and aircraft malfunctions.  
As a result accident investigators were forced to broaden the scope of factors that potentially 
contributed to such accidents.  These initial investigations revealed the significant 
contribution of human error in accidents. [23] These preliminary findings prompted a large 
programme of research seeking to identify the key non-technical skills of pilots. In summary, 
data gathered from incident and accident analysis and simulator experiments revealed that by 
far the most common cause of accidents was attributable to human error (70%) and several 
factors were identified as commonly contributing to accidents including failures in 
leadership, deficiencies in task delegation and assignment, inadequate situational awareness, 
preoccupation with mechanical failings, communication breakdowns, and failure to use 
available data and information. [23] 
 
These findings guided the development of training programmes to educate and train flight 
crews in these safety critical skills. Crew Resource Management (CRM) training aims to 
equip flight crews with the necessary attitudes, knowledge and skills to ensure that all 
available resources, namely procedures, equipment, and people, are used optimally to 
enhance safety and efficiency. [24] CRM training communicates the basic knowledge of 
human error and human performance limiters (e.g. stress and fatigue) and the importance 
behavioural and cognitive skills that act as countermeasures to error. Crews are equipped 
with a set of error countermeasures to manage errors according to the time point of error 
detection. These error countermeasures include: avoidance of error; trapping errors before 
they are committed; and mitigating the consequences of errors. The success of CRM/non-
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technical skill training in the aviation industry has been described as ‘one of the most striking 
developments in aviation safety’ (p.3) [25] and initial and recurrent CRM training is now a 
requirement for flight crews worldwide. [26]  
 
The potential of CRM training to increase safety and efficiency in other industries has 
resulted in the subsequent translation and adoption of the underlying principles by many non-
aviation industries including  offshore oil and gas installations, [27]  nuclear power plants, 
[28] the merchant navy, [29] and more recently healthcare. [30, 31]  
 
As previously highlighted, teamwork has been identified as a key non-technical skill, and 
indeed is central to CRM training. As the primary focus of this thesis is on teamwork in the 
operating theatre the following section provides a summary of the importance of teamwork 
for safe and efficient performance. It is important at this point to provide a working definition 
and distinction between non-technical skills and team performance for the purposes of the 
Thesis. This is a complex endeavour. At a very simple level, non-technical skills can be 
thought of as skills of individuals, whereas team performance can be thought of as a 
characteristic of a team (this level of distinction is in accordance with the systems approach 
to surgery, presented in Chapter 1). In reality, non-technical skills and team performance are 
very much interrelated; good non-technical skills are a prerequisite to effective team 
performance (however they are not sufficient). Nevertheless, this distinction is too simplistic 
and somewhat unhelpful in the context of the operating theatre, especially when considering 
specific non-technical skills. For example, in the context of the operating theatre, it is 
difficult to definitively categorise communication as solely a non-technical or team skill; 
communication exchanges always involve two or more people (i.e. the sender and the 
receiver). This difficulty of distinguishing non-technical skills and team performance, in the 
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context of the operating theatre, is highlighted in some non-technical skills assessment tools; 
for example, in the Scrub Practitioners List of Intra-Operative Non-Technical Skills 
(SPLINTS) system, teamwork and communication are grouped together. [32] To ensure 
clarity in this Thesis, I considered teamwork in the operating theatre to be driven by a range 
of skills, at a team rather than individual level, that enable team members to work together, 
such as coordination and cooperation. Whilst the focus of this Thesis is on the team skills of 
operating theatre teams, much of the work, including the underlying principles, is also 
applicable to individual healthcare providers’ non-technical skills.  
 
2.4 Teams and Teamwork 
 
The increased complexity and difficulty of tasks in the workplace has led to the increasing 
dependency on teams. Healthcare is by no means an exception; care is rarely delivered by 
individual healthcare professionals.  A team is ‘a distinguishable set of two or more people 
who interact, dynamically, interdependently, and adaptively toward a common and valued 
goal/objective/mission, who have each been assigned specific roles or functions to performs, 
and who have a limited life-span of membership’.(p.4) [33] 
 
Teamwork is increasing recognised as an essential component of high-reliability 
organisations. [34] Teams are essential when ‘errors lead to severe consequences; when the 
task complexity exceeds the capacity of an individual; when the task environment is ill 
defined, ambiguous, and stressful; when multiple and quick decisions are needs; and when 
the lives of others depend on the collection insight of individual members’. (p.540) [35] The 
operating theatre is a very typical depiction of such a work environment and based on this 
definition it is clear that teamwork is essential for safe surgery. 
43 
 
 
Reliance on teams in high-reliability organisations has generated a great deal of research, 
spanning many decades and disciplines (e.g. psychology, human factors, commuter science, 
and engineering). Many models of teamwork have been proposed; a recent review of the 
literature identified more than 130 models and frameworks of teamwork. [36] Most 
theoretical frameworks are based on a general input-process-output (IPO) model. Originally 
proposed by McGrath in 1964, [37] inputs represent the variables that are fed into the system 
and can either enable or constrain effective teamwork (e.g., environmental and organisational 
variables, and individual team member characteristics such as personality). These factor drive 
team processes which represent team interactions (e.g. cooperation, communication, team 
orientation). Outputs are the results of team performance (e.g. productivity, quality, error) 
and the affective reactions of team members (e.g. job satisfaction, team commitment).  
 
The science of team performance has resulted in a wealth of knowledge, and despite the 
fragmentation of research, is has been argued that teamwork can be deconstructed into five 
core components; the “Big Five”; team leadership, team orientation, mutual performance 
monitoring, backup behaviour, and adaptability. [38] Each component is described below. 
 
2.4.1 Team Leadership  
 
Team leadership refers to the skills of  directing and coordinating other team members’ 
activities, assessing team performance, assigning tasks, developing team knowledge and 
skills, motivating team members, planning and organising, and establishing a positive 
atmosphere. Team leaders, whether formally appointed or emergent, are extremely influential 
and have the potential to enable, or impede, effective teamwork.  
44 
 
 
2.4.2 Backup Behaviour 
 
Backup behaviour has been defined as ‘the discretionary provision of resources and task-
related effort to another member of one's team that is intended to help that team member 
obtain the goals as defined by his or her role… (and) often resulting from a recognition by 
potential back up providers that there is a workload distribution problem in their team’. 
(p.391-392) [39] Team members that have an accurate knowledge about the responsibilities 
of their team mates and monitor not only their own performance but the performance of their 
teammates are able to provide backup behaviour when needed. Backup behaviour can take 
various forms including shifting workload and tasks to other team members. Engaging in 
backup behaviour during periods of high workload and stress has been found to have a 
positive impact of team performance. [39, 40]  
 
2.4.3 Mutual Performance Monitoring 
 
Mutual performance monitoring refers to team members’ ability to “keep track of fellow team 
member's work while carrying out their own…to ensure that everything is running as 
expected and to ensure that they are following procedures correctly”. (p.23) [41] Effective 
mutual performance monitoring entails continuously monitoring, assessing, and 
communicating key information. Teams that are aware of their collective functioning are 
better able to identifying potential errors and can facilitate team performance by providing 
feedback to team members before, or immediately after, errors have been committed to 
facilitate self-correction. 
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2.4.4 Team Orientation 
 
Team orientation is an attitudinal construct of teamwork and refers to the belief in the 
importance and value of teamwork (“we”) over and above that of independent work (“I”). 
[42] Thus, teamwork is dependent of the willingness of team members to cooperate and strive 
towards achieving a shared goal. Teams that are collectively oriented develop a shared social 
identity, take other team members input into account, share more information, and hold a 
strong belief in the team’s collective ability to succeed.    
 
2.4.5 Adaptability 
 
Team adaptability refers a team’s ability to identify deviations from the planned cause of 
action and as a result develop and implement a new cause of action in order to complete the 
task at hand. [43] Teams that engage in mutual performance monitoring and backup 
behaviour are better able to adapt to changing conditions as they are in a better position to 
recognise and respond to changing task demands.  
 
2.4.6 Coordinating Mechanisms 
 
In addition to the five core teamwork components described above, it has been proposed that 
the five components require supporting coordinating mechanisms; these include shared 
mental models, closed-loop communication and mutual trust. [38] Shared mental models 
represent a shared and accurate understanding of the task at hand and the roles and 
responsibilities of other team members. Closed-loop communication is a three stage process 
that involves (1) the sender initiating and transmitting information, (2) the receiver 
46 
 
 
interpreting the meaning, and acknowledging receipt of the information, and (3) the sender 
following up to ensure the intended message was received (i.e. correct interpretation of 
meaning). [41] Whilst the sender and receiver both have responsibility in ensuring that 
information has been correctly exchange, closed-loop communication safeguards against the 
misinterpretation of information. Mutual trust refers to team members’ belief in the teams’ 
intentions to achieve the goals of the team.  
 
2.5 Teamwork in the Operating Theatre 
 
Each core member of the operating theatre team, namely surgeons, anaesthetists, and nurses, 
has very specific roles and tasks to perform, the demands of which are beyond the capacity of 
any individual, and must interact and coordinate as a team in order to achieve the desired 
outcome; safe surgery. However, simply bringing together experts does not ensure that they 
will merge into an expert team. [44] 
 
The operating theatre has been described as one of the ‘most complex political, social, and 
cultural structures that exist, full of ritual, drama, hierarchy, and too often conflict’. (p.1721) 
[45] This description hardly depicts the optimum environment for effective teamwork, and 
existing evidence suggests that teamwork in the operating theatre, at times, is far from 
harmonious or effective. [46, 47] There are reports in the nursing literature documenting the 
psychological and physical abuse experienced by nurses in the operating theatre. 
Psychological abuse, including being belittled, ridiculed, yelled and sworn at, and physical 
abuse, including being kicked, pushed and having objects thrown at them, has been reported. 
[46] Worryingly, evidence suggests that this type of behaviour is not an extreme rarity; 
disagreements and aggression in the operating theatre are frequent; 53% of all operating 
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theatre members reported experiencing aggressive behaviour from consultant surgeons within 
a six month period. [47] Disagreements extended to the perceived structure of the operating 
theatre team; whilst nurses perceive the team as unitary, anaesthetists and surgeons perceive 
the team to consist of multiple sub-teams. [48] Furthermore, discrepant perceptions of the 
quality of teamwork among different members of the operating team exist (Figure 2.1), 
particularly between surgeons and nurses; whilst 88% of surgeons perceive teamwork 
between nurses as high or very high, only 48% of nurses perceived teamwork between 
surgeons as high or very high. [49] Such discrepant perceptions of communication and 
teamwork between different members of the operating theatre team appear to be 
commonplace across institutions and countries. [50-52] 
 
Figure 2.1: Percentage of operating theatre members reporting a “high” or “very high” 
level of collaboration with other members of the operating theatre team 
 
 
 
 (Taken from Makary MA et al. Operating room teamwork among physicians and nurses: 
teamwork in the eye of the beholder. J Am Coll Surg. 2006; 202(5):746-52). 
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Communication failures in the operating theatre are not uncommon and have been found to 
occur in 30% of team exchanges. [53] Of these failures, 45.7% were classified as "occasion" 
failures (timing poor), 35.7% were classified as "content" failures (missing or inaccurate 
information), 24.0% were classified as "purpose" failures (issues not resolved), and 20.9% 
were classified as "audience" failures (key individuals excluded). [53] Such communication 
failures jeopardize safety and efficiency; failures in communication have been attributed to 
43% of errors in surgery. [54] Studies that have quantified the quality of teamwork in the 
operating theatre have found room for much improvement. [55] There is emerging evidence 
that patients treated by operating teams that frequently engage in teamwork behaviours are 
less likely to experience death or a major complication. [56] Furthermore, recent studies have 
highlighted the positive effects of operating theatre team training on patients outcomes. [57-
59]  
 
2.6 Measuring Teamwork in the Operating Theatre 
 
The ability to robustly assess the team skills of operating theatre teams is a prerequisite to 
integrating teamwork into training and work-place based assessment. Specifically, teamwork 
assessment provides a means of structuring feedback provided to team-members (including 
trainees), identifying and prioritising training needs, determining the effectiveness of training 
interventions and evaluating skills in a formal manner. [12] The following section presents a 
detailed description of the ‘Observational Teamwork Assessment for Surgery’ (OTAS) tool 
that has been developed to specifically capture teamwork in the operating theatre.  
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2.6.1 Introduction to OTAS 
 
The Observational Teamwork Assessment for Surgery (OTAS) is a theory-driven assessment 
tool that aims to capture surgical teamwork in a robust manner. [60] Since its initial 
development in 2004, [61] OTAS has been subjected to a continuous validation process. To 
date, OTAS has been found to be feasible for use in general and urological surgery, [62, 63]  
construct valid, [64] and reliable (inter-observer). [64] The following section provides a 
detailed introduction to OTAS.   
 
2.6.1.1 Operating Theatre Sub-Teams 
 
To provide safe surgical care, multidisciplinary operating theatre team members must work 
together. OTAS distinguishes between the different sub-teams within the operating theatre; 
surgical, anaesthetic and nursing. The surgical sub-team consists of the primary operating 
surgeon and surgical assistant, the anaesthetic sub-team consists of the anaesthetist and 
anaesthetic assistant (e.g. Operating Theatre Practitioner (ODP)), the nursing sub-team 
consists of the scrub nurse and circulating nurse.  This is a unique aspect of OTAS; it 
captures the entire sub-team and operating theatre team instead of individual members. In this 
sense, it has been suggested that OTAS offers a ‘holistic and non-threatening assessment’ 
tool. [60]   
 
2.6.1.2 Key Stages of a Surgical Procedure 
 
Surgical procedures evolve over time; OTAS distinguishes between the key stages of a 
surgical procedure: pre-, intra-, and post-operative. This is a unique characteristic of OTAS; 
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most non-technical and teams skills assessment tools that have been developed for use in 
surgery focus solely on the intra-operative phase of a surgical procedure (see subsequent 
sections and Table 2.1). 
 
Table 2.1 Operative Phases and Stages of OTAS 
  
 
Typically, to ensure feasibility in observation, OTAS assessors tend to start at the pre-
operative phase: stage 2 or 3 (depending on the case) and finish at the post-operative phase: 
Stage 1 or 2. 
 
2.6.1.3 OTAS Teamwork Behaviours 
 
OTAS is based on Dickinson and McIntyre’s (1997) model of teamwork. [60] Of the seven 
teamwork behaviours identified by Dickinson and McIntyre (communication, 
  
 STAGE 1 STAGE 2 
 
STAGE 3 
 
O
P
E
R
A
T
IV
E
 P
H
A
S
E
 
 
PRE 
 
 
Pre-op planning and 
preparation  
 
Patient sent for to 
anaesthesia given  
 
 
 
Patient set-up  
to operation readiness  
 
INTRA 
 
Opening/access to  
contact of target  
organ  
 
 
Operation specific 
procedure  
 
From prepare to close 
to complete closure 
  
POST 
 
Anaesthetic reversal to 
exit from theatre  
 
 
Transfer to recovery  
 
 
Feedback and  
self-assessment  
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cooperation/back up behaviour, leadership, coordination, monitoring/situation awareness, 
team orientation and team feedback) [65] five behaviours were retained to assess the 
teamwork of operating theatre teams. Taken together, these behaviours provide an index of 
the quality of inter-professional teamwork in the operating theatre. A brief description of the 
five teamwork behaviours is detailed below.  
 
 Communication: Quality and quantity of information exchanged among members of 
the team. 
 Leadership:  Provision of directions, assertiveness, and support among members of 
the team. 
 Cooperation/Backup Behaviour: Assistance provided among members of the team, 
supporting others, and correcting errors. 
 Coordination: Management and timing of activities and tasks. 
 Team Monitoring/Situational Awareness: Team observation and awareness of 
ongoing processes.   
 
Team orientation (previous defined in Chapter 2) was deemed closely related to 
cooperation/back up behaviour and thus was incorporated into that dimension. Additionally, 
team feedback (defined as the providing and receiving of information regarding performance) 
was considered to be a component of communication. [60] 
 
2.6.1.4 Rating Scale 
 
Each teamwork behaviour is scored on a seven-point scale (0-6), with clearly defined rating 
anchors. The highest score (6) indicates significant enhancement to teamwork via exhibition 
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of the behaviour of interest. The scale midpoint (3) indicates average performance of a 
behaviour, which neither enhances nor hinders teamwork. The lowest score (0) indicates 
severe hindrance to teamwork via lack of the behaviour of interest. A description of each 
rating anchor is presented in Table 2.2. 
 
Table 2.2 OTAS Rating Anchors 
 
  ANCHOR DEFINITION 
R
A
T
IN
G
 A
N
C
H
O
R
S
 
6 Exemplary behaviour; very highly effective in enhancing team function  
5 Behaviour enhances highly team function  
4 Behaviour enhances moderately team function  
3 Team function neither hindered nor enhanced by behaviour  
2 Slight detriment to team function through lack of/inadequate behaviour  
1 Team function compromised through lack of/inadequate behaviour  
0 Problematic behaviour; team function severely hindered  
 
OTAS assessors provide separate behaviour ratings for each of the five behaviours, across 
each of the three sub-teams and also across the three key operative phases. Thus, in total 
OTAS generates 45 behavioural ratings per observed surgical procedure (5 behaviours x 3 
sub-teams x 3 operative phases). 
 
2.6.1.5 Exemplar Behaviours 
 
To guide ratings, ‘exemplar behaviours’ are used by assessors. These are key observable 
behaviours that indicate exemplary teamwork and are associated with effective, safe surgical 
practice. These exemplars act as ‘behavioural markers’, developed to allow the assessor to 
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anticipate behaviours that are expected within a behaviour/phase/sub-team. In total, OTAS 
consists of 130 exemplar behaviours. An example of a communication exemplar for surgeons 
is ‘asks team if all prepared to begin the operation.’ Consistent presence of these exemplar 
behaviours allows an observer to rate highly the quality of communication in an operating 
theatre team.  
 
2.7 Improving Teamwork: Training Strategies 
 
As previously highlighted, the increasing realisation of the importance of teamwork for safety 
and efficiency has prompted efforts towards the development of training strategies to improve 
team performance. Team training refers to the systematic acquisition of knowledge, skills, 
and attitudes (KSAs) that underpin and result in an improvement in team performance. [44] 
Team training has been extensively researched and a number of team training strategies have 
been developed to enhance team performance. These include, but are not limited to, cross-
training, team coordination training (also known as Crew Resource Management training), 
team self-correction training, team building, assertiveness training, metacognition training 
and stress exposure training. [44] Advances in training team training have most notably taken 
place in the aviation industry and Crew Resource Management is arguably the best known 
team training strategy.  
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2.7.1 The Effectiveness of Team Training 
 
Evaluating the effectiveness of team training is vital to determine whether the desired goals 
have been achieved. Furthermore, considering the resources required to develop and sustain 
team training, evidence supporting the effectiveness of training is the essential for bolstering 
arguments to implement training. Kirkpatrick’s hierarchical framework is one of the most 
widely used models for evaluating training interventions. [66] Kirkpatrick advocates that 
training should be evaluated at four levels; Level 1: Reaction; trainees reaction should be 
evaluated (i.e. did trainees like the training). Level 2: Learning; modification of attitudes 
towards the trained concepts and knowledge acquired as a result of attending the training 
programme. Team training should result in knowledge acquisition and improvement of 
teamwork/safety attitudes. Level 3: Behaviour/Skill; change in behaviour/skill acquired as a 
result of attending the training programme. Team training should result in better teamwork 
performance. Level 4: Organisational Impact. This level refers to the impact of the training 
on organisation outcomes. Team training should result in fewer accidents and near-misses. 
Each subsequent level builds upon the former and provides more valuable information; in this 
respect Level 4 is considered the ‘holy-grail’ of evaluation.  
 
2.7.2 The Effectiveness of CRM Training 
 
Much attention has been directed towards assessing and quantifying the effectiveness of 
CRM training in aviation. Recent reviews and meta-analyses show that team training within 
aviation is effective at Levels 1-3, but there is no evidence for fewer accidents at Level 4. 
[67-69]  Despite the lack of evidence of fewer aviation accidents, CRM training is widely 
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regarded as a successful training strategy and has, as previously highlighted,  been adopted by 
many industries.  
 
2.7.3 Team Training in the Operating Theatre 
 
Despite the increasing focus on teamwork and non-technical aspects of performance in the 
past decade, failures in these skills continued to contribute to adverse events in the operating 
theatre. In 2011, 57 never events (including wrong patient, side, procedure) were reported in 
the NHS alone, [70] whilst these events are rare, they cannot be explained in terms of 
deficiencies in technical skills. The evidence presented so far offers a persuasive argument to 
train operating theatre team in non-technical and team skills. There have been many 
suggestions that teamwork training has the potential to increase patient safety in the operating 
theatre, [71] specifically using guidance from the aviation and military section. [44]  
 
The recognition within the healthcare community that effective team performance is not 
automatic has begun to trigger the implementation of team training inventions. The most 
popular training strategies employed to date have been based on CRM training. David Gaba 
and Hans-Gerhard Schaefer have been credited for recognising the parallels between the 
cockpit and the operating theatre, and for translating CRM principles from aviation to 
anaesthesia. [72] Anaesthesia Crisis Resource Management (ACRM) courses and formal 
instructor training courses have been offered for over 15 years in the USA [73] and similar 
course are available in the UK. Since the initial ACRM course, which was held in 1990, [73] 
a significant rise in the development and availability of CRM-styled team and ‘nontechnical’ 
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skills training courses specifically for healthcare teams have occurred (e.g. Team Oriented 
Medical Simulation, Multidisciplinary Obstetric Simulated Emergency Scenarios). [74] 
 
Within healthcare, there have been multiple reviews, some systematic, on the impact of team 
training on Levels 1-4 as detailed above. [75, 76] Overall, until recently findings regarding 
the effectiveness of team training mirrored those of the aviation industry – healthcare 
providers who attended team training sessions found them beneficial and relevant to their 
work, showed learning and improved attitudes post-training, and learned additional skills. 
[77-79]  
 
To the best of my knowledge, the largest study to report the impact of team training on 
surgical morbidity [57] and mortality [58]  is that of the Veterans Health Administration 
(VHA), which is the largest national integrated health care system in the United States, 
reported the impact of a national operating theatre team training programme on surgical 
morbidity [57] and mortality. [58] The Medical Team Training (MTT) programme involved a 
two month preparation and planning period, closure of operating theatres to allow surgical 
staff to attend, as a team, and a full-day training session. Based on CRM principles, the 
training involved a mixture of lectures, group work and video presentations to training 
surgical teams to work as a team; question one another when safety risks arise; carry out 
checklist-guided preoperative briefings and postoperative debriefings; and implement other 
communication strategies (e.g. recognizing red flags, stepping back to reassess a situation). 
Implementation of the training was assessed and reinforced by four quarterly follow-up 
structured telephone interviews. Over a three 3 year period, over 100 000 surgical procedures 
were sampled, and after controlling for baseline differences in risk-adjusted mortality rates, 
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the hospitals (n=74) that completed the training experienced a significant reduction of 18% in 
mortality rates (P = 0.01) compared to a reduction of 7% (P =0.59) in the hospitals that had 
not completed the team training programme. Furthermore, a reduction of 0.5 death per 1000 
(P=0.001) occurred after each additional reinforcement session. In addition, a significant 
decrease of 17% in surgical morbidity rates (P =0.01) was observed among ‘trained’ 
hospitals, compared to a decrease of 6% in morbidity in the hospitals that had not received 
the training (P = 0.11). After adjusting for surgical risk, a decrease of 15% in morbidity rate 
for hospitals that had completed the training occurred, compared to a decrease of 10% for 
hospitals that had not completed the programme (decline was 20% steeper in the ‘trained’ 
group (P = 0.001). 
 
More recently, Armour Forse et al, 2011 [59] reported the impact of TeamSTEPPS, a USA 
government-sponsored team training programme, on a  more extensive range of operating 
theatre performance parameters than reported in the above study.  Nine months after team 
training, significant improvements in teamwork and communication scores (self-assessment) 
and the percentage of first cases that started on time (from 69%-81%) were reported.  
Improvements in antibiotic administration (from 78% to 97%), venous thromboembolism 
administration (from 74% to 91%), and beta blocker administration (from 19.7% to 100%), 
were also reported as well as improved patient satisfaction (willingness to recommend, from 
77% to 89.3%). Furthermore, surgical morbidity and mortality significantly decreased 
(mortality, from 2.7% to 1%; morbidity from 20.2% to 11.0%).  However, a year after 
training several performance parameters deteriorated, for example patient willingness to 
recommend decreased (89.3% to 80.8%; P < 0.05), the percentage of first cases that started 
on time significantly reduced (81% to 69%), and surgical mortality increased (1% to 1.5%; P 
<0.05), and surgical morbidity increased (11% to 13%; P <0.05). These findings raise several 
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important questions regarding the long-term benefits and self-sustainability of ‘stand-alone’ 
training interventions and support the notion that repetition and reinforcement of training is 
vital in order to achieve the desired outcome; improving surgical patient safety. 
  
2.7.4 Simulation, Team Training and Safety 
 
The three most common training strategies employed to deliver training are information 
based (e.g. lecture), demonstration based (trainees observe the required skills e.g. videos) and 
practice based (e.g. role play, hands on practice, simulation). [44] Simulation-based training 
has become increasingly popular and is used extensively in many industries to train both 
technical and non-technical skills (e.g. aviation, military). Technical, non-technical and 
teamwork skills of operating team member training remains predominately confined to 
operating theatre learning, however there is increasing recognition that the operating theatre 
does not offer an ideal learning environment; the acquisition and mastery of skills is not, 
understandably, the main priority.  Simulation has been  suggested as an attractive and 
complementary training environment to clinical practice, [30, 80, 81] offering the advantage 
of allowing operating teams to learn technical, non-technical, and team skills in an structured 
and tailed learning environment, where ‘permission to fail’ [82] is granted and mistakes, 
which are particularly high in the early phases of the learning curve, [83] do not jeopardise  
patient safety.  
 
Over the past decade, simulators have radically evolved from simple bench-top models to 
fully immersive simulated operating theatres. The evolution of simulation is depicted in 
Figure 2.2. 
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Figure 2.2: Evolution of Simulation 
From Simple Bench-Top Models (low-cost and low-fidelity, focus on technical skills) 
 
  
    
To Virtual Reality Simulators (medium-cost, medium-fidelity, focus on technical skills) 
 
  
                          
To Simulated Operating Suites (high-cost, high-fidelity, focus on technical, non-technical, 
and teamwork skills) 
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Multidisciplinary simulations have been suggested as a valuable strategy in the quest to 
improve operating theatre teamwork. [84-87] A number of multidisciplinary team training 
courses incorporating simulation currently exist, for example The Royal College of Surgeons 
currently offers theatre team training ‘Patient Safety in Theatre Teams - A Practical 
Approach to Human Factors’ and the Scottish Clinical Simulation Centre currently runs a 
Crisis Avoidance and Resource Management (CARMa) course (www.scsc.scot.nhs.uk/). 
Previous research has found that simulation-based multidisciplinary team training is well 
received by operating theatre teams. [84] Although available and typically well-received by 
attendees, such courses are not mandatory.  
 
2.7.4.1 World Health Organisation (WHO) Safe Surgery Checklist 
 
Arguably the most significant advancement of the past decade in terms of surgical team 
interventions has been the introduction of the WHO Safe Surgery Checklist. Designed to 
improve team communication and consistency of care, [88] the 19-item checklist is 
completed in three stages; before induction of anaesthesia, before skin incision, and before 
the patient leaves the operating theatre. The checklist ensures the entire operating theatre 
team is aware of the surgical procedure, any anticipated critical events (e.g. blood loss), 
patient-specific concerns (including confirmation of identify), equipment requirements, and 
that the patient receives evidence based interventions such as antibiotic prophylaxis. The 
WHO Safe Surgery Saves Lives Group piloted the checklist in eight countries, and after 
implementation mortality reduced by 47% (from 1.5-0.8%), and in hospital complications by 
36% (from 11-7%). [88] These remarkable results prompted the National Patient Safety 
Agency (NPSA) to mandate the checklist in February 2009 for use in NHS Trusts in England.  
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However, the true potential of the checklist, and indeed any checklist, is very much 
dependent on how it is implemented. Recent research findings suggest that ‘buy-in’ of the 
checklist surgical, and subsequent use, is very much dependent of the level of explanation 
given to operating theatre teams regarding why the checklist is being used, including 
education regarding its use. Operating theatre teams that lacked understanding of the 
rationale behind the implementation of the checklist were not prepared to use the checklist, 
despite the mandate of its use. In such instances, emotional responses of frustration and 
disinterest were reported amongst operating theatre teams. [89]  In addition, whilst checklists 
are intended to facilitate and promote team communication, research has found that checklists 
and team briefings can have many negative consequences on team performance including 
masking knowledge gaps, disrupting positive communication, and reinforcing professional 
divisions. [90]  
 
2.8 Formal Integration of Non-Technical and Teamwork Skills into 
Education, Training and Assessment 
 
 “Lack of non-technical skills can have lethal consequences for patients. However, the NHS 
(National Health Service) lags unacceptably behind other safety-critical industries, such as 
aviation, in this respect. Human Factors training must be fully integrated into undergraduate 
and postgraduate education.” (p.5). Parliamentary Report into Patient Safety, London, July 
2009. 
 
In spite of the increasing recognition of the importance of non-technical skills and teamwork 
to surgical patient safety, members of the operating theatre continue to train separately but 
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are expected to merge effortlessly into an effective member of the operating theatre team.  
Non-technical and teamwork skills are typically trained in an informal and unstructured 
manner; with trainees observing the practices of experienced and respected colleagues for 
guidance of how to behave and interact with other members of the operating team. It is 
evident that this ‘approach’ is not adequate with failures in non-technical and team skills 
frequently occurring.  
 
Encouragingly, the concept that effective teamwork can increase efficiency and also reduce 
the incidence of adverse events to surgical patients has resulted in the development of 
numerous training interventions designed to improve teamwork. A report commissioned by 
the Safer Care team at the NHS Institute for Innovation and Improvement: Human Factors 
Training in the National Health Service (June 2010) concluded that there are many 
encouraging indicators of the integration of human factors within the NHS. However, the 
report concluded that awareness of the human factors across the NHS is low, and that training 
in human factors is currently developed in a piecemeal manner. The availability of training is 
limited to a number of individual hospitals/Trusts, typically driven by enthusiastic and 
committed individuals and usually in response to local needs. 
 
The report concluded that non-technical skills training is most advanced within the context of 
critical care (anaesthetists and intensivists) and operating theatres (surgeons and 
anaesthetists). The report commended David Gaba’s contribution of ACRM and noted that a 
number of high-fidelity simulation centres have been established and are involved in 
delivering ACRM.  The report also highlighted academic contributions, such as an MSc in 
Patient Safety: A Clinical Human Factors course is delivered by Aberdeen University. The 
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report further mentioned the efforts of the Clinical Safety Research Unit, Imperial College in 
delivering training for full surgical teams. 
 
2.8.1 Drivers, Barriers and Gaps in Team Skills Training Delivery  
 
Despite no shortage of recommendations to formally integrate human factors, non-technical 
and team skills (these terms are commonly used interchangeably) into education, training and 
work-based assessment in healthcare [91-93] (House of Common Health Committee, 2009) 
and specifically in surgery [94] these skills remain absent in both undergraduate and post-
graduate training. Furthermore, the Chairman of the Patient Safety Board of the Royal 
College of Surgeons of Edinburgh recently claimed there is currently no evidence to suggest 
that formal integration of these skills is likely to occur in the near future, suggesting that ‘one 
of the greatest chances to radically change medical culture and practice in the United 
Kingdom might be lost for the next generation’. (p.342:d214) [93] The quest to formally 
integrate non-technical and team skills into education, training, and assessment in healthcare 
does not appear promising, and whilst  the fact that such discussions and recommendations 
have been expressed and continue to be debated is encouraging, it is evident that more 
progress is needed. An analysis of drivers (promoting factors), barriers (constraining factors) 
and gaps (missing or underdeveloped mechanisms) in the delivery of human factors training 
within the NHS, identified in the Human Factors Training in the National Health Service: A 
Scoping Study (Safer Care team at the NHS Institute for Innovation and Improvement, June 
2010) is provided in Table 2.3. 
64 
 
 
  
DRIVERS 
 
 
BARRIERS 
 
GAPS 
IN
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S
 
 
Increasing interest in human factors from 
clinicians, safety researchers and patient safety 
campaigners.  
Requirement in patient safety initiatives to 
address issues relating to human factors.  
Formal safety management approaches stipulate 
that human factors are considered (for example 
in the analysis of adverse events)  
 
 
 
Lack of resources to develop robust training 
programmes (i.e. time, funding, expertise) 
Financial and organisational burden of initiating 
(cost and difficulty of releasing staff to attend 
training programmes) and maintaining training 
(recurrent training, refresher courses and 
reinforcement of training)  
Absence of a national strategy for human factors 
prevents the development of national level 
training strategies and restricts the sustainability 
of local strategies as training is not regarded as a 
‘formal’ priority. 
 
Widespread lack of awareness of human factors 
and its relevance to patient safety. Consequently, 
human factors is regarded as a ‘distraction’ by 
clinicians at the sharp end of patient care, and 
not considered a priority by senior managers.  
Lack of guidance regarding the specific human 
factors that are relevant in healthcare, and how 
to implement human factors training in 
healthcare.  
No structure or internal curriculum exists to 
guide the development of human factors courses. 
E
X
T
E
R
N
A
L
 F
A
C
T
O
S
 
 
External commercial supplies have developed 
Human Factors training courses.  
Growing interest in human factors is expressed 
by the NHS. 
 
 
Agreement to supply training is often prevented 
by lack of funding, difficulty releasing staff etc. 
Future demand of human factors training is 
difficult to estimate and uncertainly is rife 
among commercial providers.  
The delivery of widespread human factors 
training is restricted by the number of available 
trainers. 
 
Lack of person-level human factors courses 
outside the context of acute and critical care and 
surgery.  
Few commercial companies offer system-level 
human factors courses  
Table 2.3 Implementing Human Factors Training in the NHS: Drivers, Barriers and Gaps 
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2.9 Integrating Non-Technical and Team Skills into the Education, 
Training, and Assessment of Operating Theatre Teams: Challenges 
 
This section identifies three specific challenges that currently exist in integrating non-
technical and team skills into education, training, and work-place based assessment in the 
context of the operating theatre. These are not the only the challenges that must be overcome 
to ensure this endeavour becomes a reality, but are the focus of this Thesis.  Indeed, the 
facilitators, barriers and gaps identified in the report  Human Factors Training in the 
National Health Service (June 2010) (presented in Table 2.3) are applicable to the operating 
theatre, e.g. the burden of developing and sustaining training initiatives, the difficulty of 
releasing staff for training, funding constraints. Whilst these additional challenges are 
certainly of high importance, they were considered simply beyond the scope of my Thesis. 
For example, the barriers of releasing NHS staff for training and funding constraints of 
providing training were not considered to be challenges that could be addressed within the 
research context of a Thesis, or indeed within my power to tackle.  Further, although the 
challenges identified are written in the context of the operating theatre, the principles are 
applicable across healthcare settings. The following section presents the three challenges that 
are addressed in this Thesis, and the rationale as to why each challenge was identified and 
focused upon.  
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2.9.1 CHALLENGE 1: Raising Awareness of the Importance of Non-Technical and 
Team Skills on Surgical Performance 
 
As identified in the report Human Factors Training in the National Health Service (June 
2010) there is currently a widespread lack of awareness of human factors and its relevance to 
patient safety in the NHS. Consequently, human factors are regarded as a ‘distraction’ by 
clinicians at the sharp end of patient care. Thus it follows that in order for non-technical and 
teamwork training and assessment to be embraced by operating theatre teams it is essential 
that the surgical community realises the impact these skills can have on technical 
performance and errors, and clinical outcomes. Previous attempts to train surgeons in non-
technical has found, that although surgeons accept and find cognitive non-technical aspects of 
performance relevant, the importance of interpersonal non-technical skills are more difficult 
to convey. [79] Similar resistance to the relevance of interpersonal skills in safety was found 
in pilots in the first generation of CRM training. Despite the surge in interest in non-technical 
skills in surgery, concern has been raised regarding the lack of evidence linking non-technical 
skills to technical performance and clinical outcomes. Without a clear understanding of the 
impact of non-technical skills on technical performance and patient outcomes, developing 
effective training interventions, which are readily embraced by the surgical community, is 
challenging.  
 
2.9.2 CHALLENGE 2: Robust Assessment of Non-Technical and Team Skills 
 
“Measurement is the foundation of quality improvement” (p.632) [95]. 
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I focused on this challenge due to the fact that the assessment of non-technical and team skills 
is essential for enhancing safety. The process of evaluation can be employed to achieve 
several objectives: 1) to provide feedback to trainees on their skills development, 2) to 
determine whether a non-technical or team skill training strategy is effective, 3) to audit the 
level of performance for example to identify and prioritise training needs, 4) to evaluate skills 
in a competence-assurance or licensing programme. [12] The ability to robustly assess non-
technical and team skills of operating theatre members/teams is a prerequisite to integrating 
these skills into training and work-place based assessment. The increased recognition of the 
importance of non-technical skills and teamwork in healthcare and the operating theatre has 
triggered the development of numerous assessment tools that aim to capture such skills, from 
generic tools that can be used to assess individuals/teams regardless of speciality (e.g. Mayo 
High Performance Teamwork Scale (MHPTS), [96] Ottawa Crisis Resource Management 
Global Rating Scale (Ottawa GRS), [97]) to tools that are speciality specific (e.g. Non-
Technical Skills of Surgeons (NOTSS)). [98] Table 2.4 displays assessment tools that have 
been designed to specifically capture the non-technical and team skills of operating theatre 
teams. 
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Table 2.4 Non-Technical and Team Skills Assessment Tools Developed Specifically for Use in the Operating Theatre 
 
    
Assessment Tool/ 
Operative Phase Focus 
 
 
Non-Technical Skills 
Assessed 
 
Notes on Practical Application 
F
O
C
U
S
 
Individual 
 
Anaesthetists 
 
Anaesthetists’ Non-
Technical Skills (ANTS) 
[99] 
Intra-Operative 
 
1. Task Management 
2. Team Working 
3. Decision Making 
4. Situation Awareness 
4-point scale 
 
ANTS is designed to be used by 
senior anaesthetists. It focuses on 
the anaesthetist in charge of the 
patient. ANTS captures 
performance in routine and non-
routine situations. 
 
 
Surgeons 
 
Non-Technical Skills of 
Surgeons (NOTSS)[98] 
Intra-Operative 
 
1. Situational Awareness 
2. Decision Making 
3. Communication & Teamwork 
4. Leadership 
4-point scale 
 
NOTSS is designed to be used by 
senior surgeons. It focuses on the 
operating surgeon. NOTTS 
captures performance in routine 
and non-routine situations. A 2-day 
training programme for novice 
users is available. 
 
Surgeons 
Surgeons' Leadership 
Inventory (SLI) [100] 
Intra-Operative 
 
 
8 dimensions of Leadership 
1. Maintaining standards 
2. Managing Resources 
3. Making decisions 
4. Directing 
5. Training 
6. Supporting 
7. Communicating 
8. Coping with pressure 
SLI focuses on surgeons. Captures 
leadership skills in routine and 
non-routine situations. 
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F
O
C
U
S
 
Individual 
Scrub Nurses 
Scrub Practitioners List of 
Intra-Operative Non-
Technical Skills (SPLINTS) 
[32] 
Intra-Operative 
 
 
1. Situational Awareness 
2. Communication & Teamwork 
3. Task Management 
4-point scale 
 
SPLINTS is designed to be used by 
senior nursing/related personnel. It 
focuses on the Scrub 
Nurse/practitioner in charge; it 
does not address other Nursing 
personnel (i.e. circulating nurse) 
SPLINTS captures performance in 
routine and non-routine situations. 
 
Surgeons 
Nurses 
Anaesthetists 
Operating 
Department 
Practitioners 
(ODP) 
Revised NOTECHS [101] 
Intra-Operative 
 
 
 
1. Cooperation 
2. Leadership and Managerial 
Skills 
3. Situation Awareness and 
Vigilance 
4. Decision Making. 
5. Communication and 
Interaction. 
6-point scale 
 
 
 
Revised NOTECHS can be used by 
both clinical and non-clinical 
assessors. It captures performance 
in routine and non-routine 
situations 
Surgeons 
Nurses 
Anaesthetists 
 
 
 
Oxford NOTECHS [102] 
Intra-Operative 
 
 
 
1. Communication /interaction 
2. Situation awareness 
3. Cooperation/team skills 
4. Leadership/managerial skills 
5. Decision-making 
4-point scale 
 
 
 
Oxford NOTECHS can be used by 
both clinical and non-clinical 
assessors. The tool captures team 
performance in routine and non-
routine situations 
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F
O
C
U
S
 
Team 
 
Operating Theatre 
Teams 
Observational Teamwork 
Assessment for Surgery 
(OTAS) [64] 
Pre, Intra, and Post-
Operative 
 
 
1. Communication 
2. Leadership 
3. Cooperation/Back-up 
Behaviour 
4. Coordination 
5. Team Monitoring/Situation 
Awareness 
7-point scale 
 
OTAS can be used by both clinical 
and non-clinical assessors 
It assesses team performance in 
routine and crisis situations 
It captures performance and skills 
of professional sub-teams within 
the OT and also of the global OT 
team. 
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Whilst the availability of assessment tools is an encouraging step in the right direction, at 
present, there is no consensus regarding which tool(s) should be used in practice i.e. no tool is 
considered the ‘gold standard’. This presents several challenges.  Firstly, although there is a 
large degree of overlap between non-technical and team skill assessment measures in relation 
to the core skills captured, the rating scales vary (from 4-point to 7-point scales), 
consequently there is no objective, or at least systematic, benchmark against which to 
compare performance.  Secondly, the fact that there are several non-technical and teamwork 
assessment tools available results in a dilemma regarding which assessment tool to select and 
implement in practice. Empirical evidence regarding the psychometric robustness of the 
assessment tool, as well as several other factors (presented in Table 2.5) should be considered 
and guide tool selection. 
 
Table 2.5 Characteristics of Good Non-Technical Skills Assessment Tools (Klampfer et 
al, 2001) [103] 
 
CHARACTERISTICS OF GOOD NON-TECHNICAL AND TEAM SKILLS 
ASSESSMENT TOOLS 
Validity: in relation to performance outcome 
Reliability: inter-rater reliability, internal consistency 
Sensitivity: in relation to levels of performance 
Transparency: the observed understand the performance criteria against which they are being 
rated; availability of reliability and validity data 
Usability/Feasibility: easy to train, simple framework, easy to understand, domain 
appropriate language, sensitive to rater workload, easy to observe 
Can provide a focus for training goals and needs 
Baselines for performance criteria are used appropriately for experience level of rate 
Minimal overlap between components 
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A recent systematic review of non-technical skills assessment tools in surgery concluded that 
there is no consensus regarding which tool should be standard for assessment & training and 
that the assessment tools are not comparable in relation to validity, reliability, sensitivity, and 
feasibility. [104]  
 
2.9.3 CHALLENGE 3: Lack of Formal Training in the Use of Non-Technical and Team 
Skills Assessment Tools 
 
I focused on this challenge because research suggests that although surgeons are capable of 
accurately assessing their technical performance they lack insight into their non-technical 
performance. [105] At present, there are no guidelines or recommendations in relation to the 
use of non-technical skill assessment tools in the operating theatre. Many of the non-technical 
and team skills assessment measures are available, via peer reviewed publications and online 
resources and thus are largely available to the surgical, anaesthetic and nursing community. 
Previous research indicates that if used by untrained assessors assessments are unreliable. 
[64] Thus, it is increasingly apparent that assessment tools require training to be used in a 
reliable manner.  A crucial factor in the implementation of non-technical and teamwork 
assessment into any work environment is the formal, structured training of an adequate 
number of assessors.  
 
2.10 Thesis Aims: Tackling the Challenges  
 
The overarching aim of this Thesis was to make a novel and scientifically robust contribution 
to the evidence-base to facilitate and accelerate the integration of non-technical and team 
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skills into the education, training, and assessment of operating theatre teams. A multi-method 
approach was employed to address the three specific challenges identified above. Five 
associated secondary aims were also addressed, as follows (also see Figure 2.3, for a 
graphical depiction): 
 
2.11 Secondary Aims and Associated Challenges 
 
1)  Raise Awareness of the Importance of Non-Technical and Team Skills: 
Challenge 1: Understanding the impact of non-technical and team skills on 
surgical performance. This was achieved by conducting a systematic review of 
the literature to evaluate and synthesise the evidence-base of the impact of non-
technical and team skills on performance in the operating theatre (Chapter 3).  
 
2)  Increase Our Understanding of the Factors the Facilitate/Impede Teamwork 
Performance in the Operating Theatre: Challenge 1: Understanding the impact 
of non-technical and team skills on surgical performance.  This was achieved by 
conducting two observational studies exploring the effects of stress (Chapter 4), 
and novel surgical techniques on teamwork (Chapter 5). 
 
3) Ensure the Robust Assessment of Teamwork in the Operating Theatre: 
Challenge 2:  Robust Assessment.  This was achieved by content validating and 
refining the Observational Teamwork Assessment for Surgery (OTAS) tool 
(Chapter 5), and operative stage modification of OTAS (Chapter 6). 
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4) Identify the Training Requirements for Training the Assessment of Non-
Technical and Team Skills in the Operating Theatre: Challenge 3: Formal 
Training in the Assessment of Non-Technical and Team Skills.  This was achieved 
by conducting a review of the literature (Chapter 7) and Expert Consensus study 
(Chapters 7 & 8) 
 
5) Develop a Formal Training Programme to Assess of Non-Technical and Team 
Skills: Challenge 3: Formal Training in the Assessment of Non-Technical and 
Team Skills.  This was achieved by developing, piloting, and evaluating a training 
programme to train faculty to assess team skills (Chapter 9)   
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Figure 2.3 Outline of Thesis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
FORMAL TRAINING IN THE 
ASSESSMENT OF NON-
TECHNICAL AND TEAM 
SKILLS 
 
INTEGRATING NON-TECHNICAL AND 
TEAM SKILLS INTO SURGICAL 
EDUCATION, TRAINING AND 
ASSESSMENT: CHALLENGES   
 
ROBUST 
ASSESSMENT  
UNDERSTANDING THE 
IMPACT OF NON-TECHNICAL 
AND TEAM SKILLS ON 
SURGICAL PERFORMANCE 
 
Chapter 4: OTAS: Content 
Validation and Tool 
Refinement  
 
Chapter 5: OTAS: 
Operative Stage 
Modification 
 
 
 
Chapter 2: The Impact of Non-
Technical Skills on Technical 
Performance in Surgery: A 
Systematic Review 
 
Chapter 3: The Impact of Stress 
on Teamwork in the Operating 
Theatre 
 
Chapter 5: The Impact of 
Operative Technique on 
Teamwork in the Operating 
Theatre 
 
 
 
 
 
 
 
Chapter 6 & 7: Training 
Requirements for the Assessment 
of Non-Technical Skill and Team 
Skills in Surgery: Expert 
Consensus 
Chapter 8: Development, 
Piloting and Evaluation of a 
Training Programme to Train 
Assessment of Non-Technical 
and Team Skills in Surgery 
       
TACKLING THE CHALLENGES & ASSOCIATED THESIS AIMS  
AIM 1: Raise Awareness of the 
Importance of Non-Technical and 
Team Skills 
AIM 2: Increase Our 
Understanding of the Factors that 
Facilitate/Impede Teamwork 
Performance in the Operating 
Theatre  
AIM 4: Identify the Training 
Requirements for Training the 
Assessment of Non-Technical 
and Team Skills in the Operating 
Theatre 
AIM 5: Develop a Formal 
Training Programme to Train the 
Assessment of Non-Technical 
and Team Skills in the Operating 
Theatre 
AIM 3: Ensure the Robust 
Assessment of Teamwork in 
the Operating Theatre  
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3 THE IMPACT OF NON-TECHNICAL SKILLS ON 
TECHNICAL PERFORMANCE IN SURGERY: A 
SYSTEMATIC REVIEW 
 
 
3.1 Chapter Overview 
 
This chapter aims to raise awareness of the importance of non-technical and team skills in the 
operating theatre and to enhance our understanding of the relationship between these skills 
and surgical performance. As previously argued, understanding the impact that non-technical 
and team skills can have on technical performance, technical errors, and clinical outcomes is 
essential among operating theatre teams if education, training, and assessment of non-
technical and team skills is to be integrated successfully. This chapter presents a systematic 
review of the literature of the impact of non-technical skills on technical performance in the 
operating theatre. A brief introduction to the review is presented followed by the aims and 
methods implemented. Results of the review are presented in terms of characteristics of 
studies, non-technical skills assessed, technical performance measures, and the impact of 
non-technical skills on technical performance. The discussion considers the implications of 
the results. 
 
3.2 Introduction 
 
Failures in non-technical and team skills, rather than simply poor technical ability, continue 
to be identified as an important contributor to adverse events in the operating theatre. [53, 54, 
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106, 107] Typically it is these ongoing breakdowns in interpersonal (e.g. communication, 
teamwork), cognitive (e.g. decision-making, situational awareness), and personal resource 
skills (e.g. coping with stress and fatigue), collectively termed non-technical skills, [12]that 
remain key root causes of surgical errors worldwide. [53, 54, 106, 107] 
 
From a theoretical perspective, although there has been a dramatic increase in research on 
non-technical and team skills in operating theatre, consolidation of this research into an 
evidence base which is meaningful for practicing operating theatre team members and 
academics is still lacking. Research has typically concentrated on communication, leadership, 
teamwork, and decision-making. Other non-technical aspects critical to performance in the 
operating theatre, as described by Yule et al, [108] include dealing effectively with stress and 
fatigue, and seeking performance feedback. Furthermore, studies have been largely 
descriptive in nature, concentrating upon the development of assessment tools [64, 98, 99] or 
on the quality of team performance in the operating theatre. [109] What remains lacking is an 
insight into the mechanism by which failures in non-technical and team skills actually 
contribute to patient harm. It is plausible that this occurs through an impairment of technical 
performance – however this hypothesis remains to be empirically tested. It is also unclear 
exactly which non-technical and team skills have the most significant effect on technical 
performance: the assumption that they all impact upon performance and safety in an equal 
manner remains to be investigated. The fact that non-technical skills and technical 
performance are considered, and consequently explored as two independent skills, is reflected 
both in the evidence-base and in current training. This is highlighted by the separate reviews 
of each skill set, [108, 110] and by training programmes which exclusively focus on one 
domain to the neglect of the other.  What is required is a clearer understanding of the 
complex and inter-dependent relationships between non-technical skills and technical 
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performance that more accurately represents the clinical realities of working in the operating 
theatre. A detailed mapping exercise could allow patient safety efforts to focus on 
interventions that target the non-technical skills most likely to have an impact upon technical 
performance and outcomes.  
 
As highlighted in Chapters 2, perhaps it is not surprisingly therefore that integration of non-
technical skills into mainstream education and training remains limited to a few training 
programmes that, a previously highlighted are typically attended on a voluntary basis. A poor 
understanding of the relevance of non-technical and team skills to technical performance 
could offer an explanation. Conflicting results on the impact of non-technical and team skills, 
produced by individual studies with variable quality, have not assuaged these concerns. A 
synthesis of the existing evidence on both skill sets could highlight the importance of non-
technical and team skills to operating theatre teams and thus drive an evolution of education 
to encompass training and feedback on these skills, both in the operating theatre and in 
simulation-based settings.  
 
3.3 Aims 
 
The aim of this systematic review was to synthesise the existing literature on the impact of 
non-technical skills on technical performance in surgery. Specifically, the primary aim was to 
evaluate the effect of the non-technical skill(s) of each operating theatre team-member 
(surgeons, anaesthetists and operating theatre nurses) on their technical performance in the 
operating theatre. A secondary aim was to identify assessment tools used to assess non-
technical and team skills. 
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3.4 Methods 
 
3.4.1 Databases Searched and Search Strategy 
 
Databases searched included MEDLINE (OVID) (1980-week 2, April 2010), EMBASE 
(OVID) (1980-week 2, April 2010), PsycINFO (OVID) (1987-week 2, April 2010). The 
Cochrane Database of Systematic Reviews was also searched.  MeSH terms were identified 
to ensure the search was comprehensive. The search strategy is detailed in Box 3.1  
 
Box 3.1 Search Strategy 
 
  
SEARCH TERMS 
C
A
T
E
G
O
R
Y
 A
 
O
p
er
at
in
g
 T
h
ea
tr
e 
T
ea
m
 
M
em
b
er
s 
 
Surg*’ OR ‘nurs*’ OR ‘anaesthes*’ OR ‘anesthes*’ OR ‘operating room$’ 
(MeSH) OR ‘operating theatre’ OR ‘physician$’ (MeSH) OR ‘physician 
assistant$’ (MeSH) OR ‘nursing staff’ (MeSH) OR ‘nurse$’ (MeSH) OR 
‘nurse anesthetist$’ (MeSH) OR   "nurse clinician$’ (MeSH) OR ‘nurse 
administrator$’ (MeSH) OR ‘operating department practitioner$’ OR 
‘operating department assistant$’ 
C
A
T
E
G
O
R
Y
 B
 
T
ec
h
n
ic
al
 
P
er
fo
rm
an
ce
 
 
"technical performance" OR "technical skill$" OR "dexterity" OR 
"psychomotor performance$" (MeSH) OR "motor skill$" (MeSH) OR "motor 
performance" OR “technical error 
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C
A
T
E
G
O
R
Y
 C
 
N
o
n
-T
ec
h
n
ic
al
 S
k
il
ls
 
 
‘non-technical performance’ OR ‘non-technical skill$’ OR ‘interpersonal 
skill$’ OR ‘communication’ OR ‘leadership’ OR ‘teamwork’ OR ‘briefing’ 
OR ‘planning’ OR ‘preparation’ OR ‘resource management’ OR ‘advice’ OR 
‘feedback’ OR ‘stress’ OR ‘pressure’ OR ‘fatigue’ OR ‘cognitive skill$’ OR 
‘situational awareness’ OR ‘mental readiness’ OR ‘assessing risk$’ OR 
‘anticipating problems’ OR ‘decision making’ (MeSH) OR ‘adaptive 
strategies’ OR ‘adaptive flexibility’ OR   ‘workload distribution’ 
 
L
IM
IT
S
 
 
Publication date: 1980-Week 2, April 2010 
Language: English 
Subjects: Humans 
 
 
After combining category A, B and C, using the Boolean term “AND”, the limits detailed in 
Box 3.1 were applied.  The last search was conducted on April 26th 2010. Reference lists of 
the included articles were also searched for additional citations. This resulted in the 
identification of two additional articles that warranted full review. 
 
3.4.2 Inclusion Criteria/Study Selection 
 
Retrieved citations were assessed to identify relevant studies based upon pre-defined 
inclusion criteria, as follows:  
 Data on the assessment of technical performance of surgeons, anaesthetists, or 
operating theatre nurses  
AND 
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 Data on the assessment of non-technical skill(s) of surgeons, anaesthetists, or 
operating theatre nurses AND/OR study designs that include factors known to affect 
performance (e.g., studies that create stressful conditions in a simulated OR and 
assess their impact on technical performance) 
AND 
 Direct empirical evaluation of the impact of non-technical skills on technical 
performance 
 
These criteria were designed to identify studies that specifically captured the impact of non-
technical skills on technical performance in the operating theatre. 
 
All titles were screen by myself to identify relevant studies. A second reviewer with a 
background in surgery (Sonal Arora; SA hereafter) independently screened all abstracts to 
ensure reliability. Reliability in screening between myself and SA was assessed using 
Cohen’s Kappa at the abstract and full-text review phases. Any discrepancies were resolved 
by consensus. Data were extracted from included articles using a structured data abstraction 
form to ensure articles were evaluated in a consistent manner. Using this form, information 
regarding study design and setting, speciality and sample size, non-technical skill(s) 
measured and assessment tools, technical skill(s) measured and assessment tools, and key 
findings were extracted. A critical appraisal of each study was completed. 
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3.5 Results  
3.5.1 Selected Articles 
 
A flow diagram of the search results is illustrated in Figure 3.1. 
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Figure 3.1: Flow of Articles in Review 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Articles excluded after limits 
applied 
Total: 881 
 
Limits Applied 
Search Strategy  
Total = 2041 
Articles excluded on the basis of 
title evaluation 
Total: 819 
Title Selection 
Articles retrieved for 
abstract evaluation 
Total: 341 
Abstract 
Selection 
Articles retrieved for 
title evaluation 
Total: 1160 
Articles retrieved for 
full text evaluation 
Total: 87 
Articles excluded on the basis of 
abstract evaluation 
Total excluded: 254 
 
Articles eligible for 
systematic review 
Total: 28 
Articles excluded on the basis of 
full text evaluation 
Total excluded: 62 
 (Technical performance NOT assessed 
n=9,  
Non-Technical Performance NOT 
assessed n=23, 
Technical & Non-Technical 
Performance assessed BUT relationship 
NOT explored n=20, 
No empirical data n=3, 
Not Surgeons, Nurses, or Anaesthetists 
n=4, 
Technical and Non-Technical 
performance NOT assessed n=2, 
Not peer reviewed n=1) 
 
Full Text 
Selection 
Hand search 
Total included: 3 
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The search yielded 2041 citations, of which 881 articles were excluded after limits were 
applied. The remaining 1160 articles were retrieved for title evaluation. 819 articles were 
excluded based on title evaluation. The remaining 341 articles were retrieved for abstract 
evaluation.  SA and I independently screened all 341 abstracts for eligibility. Of these 
articles, 87 were judged to warrant full review of which 25 met inclusion criteria.  Agreement 
between the two reviewers was high for both phases (abstract and full-text: Kappa=0.76, 
P<0.001 and Kappa=0.90, P<0.001, respectively). Three additional articles were identified 
via hand search, giving a total of 28 articles for this review.  
 
3.5.2 Data Synthesis 
 
Article findings were categorised according to study populations (surgeons, anaesthetists, 
operating theatre nurses). Meta-analysis was inappropriate for the articles selected because of 
wide heterogeneity in research designs and outcome measures used.  
 
3.5.3 Study Setting 
 
Most studies were conducted in simulated environments (22/28). The type and fidelity of 
simulated studies varied; 10/28 were laboratory-based studies that used bench-top models, 
[111-120] 3/28 were hybrid simulations (combining bench-top models and simulated 
patients), [121-123] 6/28 used virtual reality simulators, [124-129] and 4/28 studies were full-
team simulations conducted in simulated operating theatres. [123, 130-132]
. 
The remaining 6 
studies were conducted in real operating theatre. [22, 102, 133-136] 
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3.5.4 Measures of Non-Technical Skills 
 
In order to explore the impact of non-technical skills on technical performance in surgery, it 
is essential that assessment tools with evidence of validity and reliability (i.e. 
psychometrically robust) are utilised. However the psychometric properties of the non-
technical skill assessment tools utilised in the 28 articles within this review varied greatly 
(Table 3.1); from assessment tools developed for use in a particular study (without validation 
or reliability testing), [116, 124, 128, 130] to tools that have been designed specifically to 
assess non-technical skills and which have received extensive psychometric testing.  In only 7 
of the 28 included articles did the authors use pre-developed with evidence of validity and 
reliability to measure non-technical performance: four used the Oxford NOTECHS 
System,[102, 133-135] 1 used the Observational Teamwork Assessment for Surgery (OTAS), 
[131] 1 used the Revised NOTECHS systems, [123] and 1 used Anaesthetists’ Non-Technical 
Skills (ANTS).[132]  
 
In a further 8 studies, non-technical skills were not assessed directly; rather these studies used 
research designs that assessed the impact of factors known to affect performance. [111-115, 
117, 119, 120, 122]For example, in one study by Backstein et al,[119] the impact of 
providing performance feedback on the technical performance of the participants was 
assessed. Seeking feedback has been defined as a non-technical skill that can lead to 
performance enhancement. [108] Thus although a non-technical skill (feedback) was not 
directly assessed per se in reports such as this,  such studies were still included in our review 
because manipulation of a key variable (i.e., the non-technical skill of feedback) allowed 
inferences to be drawn about its impact on technical performance. Finally, in 2 studies an 
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observer recorded descriptions of operative events that were subsequently categorised using 
human factors theory into teamwork failures. [22, 136]
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Table 3.1: Psychometric Robustness of Non-Technical Skill Assessment Tools 
 
 NON-TECHNICAL SKILLS  
ASSESSED 
RELIABILITY 
EVIDENCE 
VALIDITY  
EVIDENCE 
N
O
N
-T
E
C
H
N
IC
A
L
 A
N
D
 T
E
A
M
 S
K
IL
L
S
 A
S
S
E
S
S
M
E
N
T
 
T
O
O
L
 (
S
tu
d
y
) 
 
Observation 
Teamwork 
Assessment for 
Surgery (OTAS) [131] 
 
1. Communication  
2. Leadership 
3. Cooperation 
4. Coordination 
5. Team Monitoring 
 
Inter-rater reliability [64] 
 
Construct valid [64] 
Content valid [137] 
 
 
Revised NOTECHS 
[123] 
 
1. Cooperation 
2. Leadership and Managerial Skills 
3. Situational Awareness and Vigilance 
4. Decision Making 
5. Communication and Interaction 
 
Internal consistency [101] 
Inter-rater reliability [123]  
 
Construct valid [123] 
 
Oxford NOTECHS 
[102, 133-135] 
 
1. Leadership & Management  
2. Teamwork & Communication  
3. Problem solving & Decision Making 
4. Situational Awareness  
 
 
Inter-rater reliability [102] 
 
Predictive validity [102] 
Concurrent valid [102]                      
Convergent valid [102] 
 
 
Anaesthetists’ Non-
Technical Skills 
(ANTS) [132] 
 
1.Resource Management 
2.Planning 
3.Leadership 
4.Communication 
 
 
Inter-rater reliability [99] 
Internal consistency [99] 
 
Completeness [99]
 
Observability [99]
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Line Operations Safety 
Audit Checklist (LOSA; 
(selected elements) [130]  
 
1. Preoperative preparation 
2.Communication & Interaction 
3. Vigilance/Situational awareness 
4. Leadership 
 
 
 
Inter-rater reliability [130] 
 
No validity evidence 
reported 
 
5-point Rating Scale 
[116]  
 
Teamwork 
1. Communication  
2. Cooperation  
 
 
No reliability evidence 
reported  
 
No validity evidence 
reported 
 
 
Teamwork events 
characterised according 
to Human Factors 
Theory [22, 136] 
 
Teamwork failures/disruptions 
 
Results categorised 
according to human factors 
theory based on consensus 
agreement between observer, 
cardiac surgeon, and human 
factors scientist 
 
 
No validity evidence 
reported 
 
State Trait Anxiety 
Inventory [131] 
 
 
 
  
 
(STAI) 
 
Stress 
 
Reliable [138] 
 
Valid [138] 
 
 
 
10-point scale [118] 
 
Stress 
 
No reliability evidence 
reported 
 
Valid [139] 
 
Imperial Stress 
Assessment Tool (ISAT) 
[129] 
 
 
Stress 
1. STAI 
2. Heart Rate 
3. Salivary Cortisol 
 
STAI: Internal consistency 
[140] 
 
Construct valid [140] 
Content valid [140] 
Concurrent valid [140] 
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SVF78 Stress-Coping 
Questionnaire [126] 
 
 
Stress coping 
 
Internal consistency [141] 
 
Valid [142] 
 
Communication - based 
on Objective Structured 
Clinical Examination 
(OSCE) [121] 
 
Communication 
OSCE 5-item Global scale 
1. Empathy 
2. Coherence 
3. Verbal expression 
4. Non-verbal expression 
5. Overall 
 
 
No reliability evidence 
reported 
 
Construct Valid [143]  
 
Utterance frequency
 
[130] 
 
Communication 
 
No reliability evidence 
reported 
 
No validity evidence 
reported  
 
4-point subjective 
rating scale [124] 
 
Fatigue 
 
No reliability evidence 
reported 
 
No validity evidence 
reported 
 
10-point rating scale 
[128] 
 
Fatigue 
 
No reliability evidence 
reported 
 
No validity evidence 
reported 
 
Behrenz Fatigue 
Questionnaire [125, 
127] 
 
Fatigue 
 
No reliability evidence 
reported 
 
 
No validity evidence 
reported 
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3.5.5 Measures of Technical Performance  
 
Valid and reliable assessment of technical performance is also essential for robust 
conclusions about end-outcomes. Technical performance measures varied greatly both across 
and within the reviewed studies. Seventeen studies in this review measured dexterity 
parameters. This included time to complete the task/operation, [112, 113, 115, 116, 119, 120, 
124-126, 128, 129, 133, 134] economy of motion, [124, 126, 128] tool movement 
smoothness, [125, 127] instrument smoothness,
  
[115]
 
hand movement, [125, 127] instrument 
path length,
 
[115, 129]
 
gesture proficiency,
  
[125] hand motion efficiency. [114, 118]Twenty-
five studies used quality of technical performance as an end-outcome. Measures for this 
included number of errors, [22, 115, 124, 126-129, 136] errors in technique assessed via 
Observational Clinical Human Reliability Analysis (OCHRA) [102, 133-135] and final 
product quality. [112, 113, 120, 131] 
 
Other assessment tools to capture quality of technical 
performance included global rating scales such as Objective Structured Assessment of 
Technical Skills (OSATS), [114, 117-123, 130, 131]
 
and Mini Objective Structured 
Assessment of Technical Skills (MOSAT). [111] Checklists were also used in the form of 
task-specific checklists, [111, 118, 119, 121-123, 130] essential-item checklist, [130] 
procedure-specific skill, [123] procedural problems and errors (Non-Operative Procedural 
Errors: NOPEs), [133, 134] and anaesthetic checklists (assessing medical knowledge and 
technical skill of anaesthetists.[132] 
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3.5.6 The Impact of Surgeons’ Non-Technical Skills on their Technical Performance  
(Table 3.2) 
 
Twenty-one of the 28 reports assessed the impact of surgeons’ non-technical skills on their 
technical performance. [111-113, 116-121, 123-131] The majority of these studies (18/21) 
assessed the impact of a single non-technical skill on technical performance; feedback (n=9), 
[111-115, 119, 120, 122] stress (n=4), [118, 126, 129, 131] fatigue (n=4)
 
[124, 125, 127, 128]
 
and communication (n=1) [121] were the skills that were individually investigated. Three of 
the 21 reports assessed the impact of multiple non-technical skills on performance. [116, 123, 
130] Detailed findings are presented below.  
 
3.5.6.1 Stress and Technical performance 
 
A substantial body of research on stress and human performance shows that although a 
certain amount of stress can improve performance by enhancing concentration and focus, 
excessive stress compromises performance. [144] Despite the fact that coping with stress is 
an important non-technical skill, [12, 108]  as identified from a recent systematic review in 
this field, research on stress within surgery is sparse. [145] The present review identified four 
studies. [118, 126, 129, 131] Arora et al [129] found that increased stress due to inexperience 
and unfamiliarity with a task was related to poorer technical performance. In contrast, a study 
assessing the impact of examination stress found that moderate increases in stress enhanced 
trainees’ performance on a simulated task.[118]  The remaining two studies focused on 
coping with stress. [126, 131] The first study found that negative stress-coping strategies 
were associated with poorer laparoscopic performance on a virtual reality simulator, 
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[126]whereas the second found that enhanced coping strategies, even with multiple stressors, 
significantly improved the quality of the operative end-product. [131] 
 
3.5.6.2 Performance Feedback and Technical Performance 
 
Seeking advice and feedback is a critical intra-operative non-technical skill. Nine studies 
assessed the impact of feedback on performance. [111-115, 117, 119, 120, 122] Of these, 6 
studies [112-115, 117, 120] found that receiving feedback from an expert enhanced technical 
performance with regards to its overall quality, [114, 117]  economy of motion,  [114, 115] 
number of errors, [115] time taken to complete task, [115] and overall quality of end-product. 
[112, 113, 120] However, this positive effect of feedback did not equally affect all aspects of 
technical performance in these studies-in other words, whereas some performance parameters 
improved, others did not.  [112, 113, 117, 120] Moreover, 3 other studies [111, 119, 122] 
found no improvement in technical skill in surgeons that received feedback compared to 
those who did not.  
 
3.5.6.3 Fatigue and Technical Performance 
 
Although the safe management of fatigue is considered a key non-technical skill, [12, 108] 
most studies investigating surgeons’ fatigue have not included technical performance as an 
endpoint. Of the 28 studies forming the basis of this review, 4 explicitly assessed the impact 
of fatigue (caused by sleep deprivation) on technical performance. [124, 125, 127, 128] Three 
of these studies [125, 127, 128] found that increased levels of fatigue were associated with 
more technical errors, [128]  time to complete the task, [128] and instrument handling. [125, 
127] However, this negative effect of fatigue did not equally affect all aspects of technical 
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performance so, whereas some performance parameters deteriorated, others did not. [125, 
127, 128] In one study, however, DeMaria et al [124] found that for certain tasks on the 
MIST VR simulator fatigue actually enhanced economy of motion and resulted in faster task 
completion with fewer errors.  
 
3.5.6.4 Communication and Technical Performance 
 
Only one study
 specifically assessed the impact of surgeons’ communication skills upon their 
technical performance and found no correlation between the two. [121] However, this study 
assessed surgeons’ ability to communicate effectively with the patient, rather than with their 
operating theatre team.  
 
3.5.6.5 The Combined Impact of Multiple Non-Technical Skills and Technical 
Performance  
 
Concurrent assessment of multiple non-technical skills is important as safe surgery requires 
an interplay of these skills. Only 3 studies [116, 123, 130] concurrently assessed more than 
one non-technical skill. Black et al [123] assessed non-technical skills using Surgical 
NOTECHS [101] (Communication and Interaction, Situation Awareness and Vigilance, 
Cooperation and Team Skills, Leadership and Managerial Skills, and Decision Making) as 
well as the technical performance of surgeons performing a carotid endarterectomy in 
simulated routine and crisis scenarios. In both scenarios, a strong positive correlation 
(routine: r=0.80, P<0.001; crisis: r=0.85, P<0.001) between overall technical and non-
technical performance was found.  Unfortunately, more detailed correlational analyses 
between specific non-technical skills and technical performance were not reported. Mirroring 
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this, another study also found that high levels of team communication and cooperation was 
positively correlated (r=0.39, P<0.001) with the speed and accuracy of surgeons’ performing 
peg transportation and intracorporeal suture simulated tasks.
 
[116]
 
Moorthy et al [130] also 
measured preoperative preparation, communication & interaction, vigilance/situational 
awareness, leadership in surgeons performing a saphenofemoral junction high tie procedure. 
In this study relationships between overall technical and non-technical performance were not 
significant
 
(rho=0.24, P=0.23); correlational analyses between each non-technical skill and 
technical performance were not reported.  
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Table 3.2: Characteristics of Studies Investigating the Impact of Surgeons’ Non-Technical Skills on their Technical Performance 
Authors 
Subjects and 
Speciality 
Study Design & 
Setting 
Non-Technical Skill(s) Assessed & Assessment 
Measure(s) 
Technical Skill(s) 
Assessed & 
Assessment 
Measure(s) 
Findings 
 
 
Critical Appraisal 
Author 
My Critical Appraisal 
 
 
Arora et al,  
2010 [129] 
 
18 junior 
surgeons  
 
Prospective 
experimental 
study. Simulated 
setting. 
 
Stress 
Imperial Stress Assessment tool (ISAT) captures subjective 
(STAI) and objective (salivary cortisol & heart rate) 
markers of stress 
 
 
1. Path length 
2. Time taken  
3. Number of errors 
MIST-VR simulator 
 
Significant positive 
correlation between stress 
and economy of motion, 
number of errors, and time 
taken. 
 
Junior trainees completed 
relatively simple tasks under 
moderately stressful conditions. 
 
Small sample size. Simulated 
setting. 
 
Backstein et al, 
2004 [119] 
 
29 surgical 
residents (PGY1-
5) 
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1. Control (no feedback) 
2. Experimental 1 (video & self-review) 
3. Experimental 2 (video & expert feedback) 
 
1. Task specific 
checklist 
2. Time to complete 
procedure 
3. Global Rating 
Scale OSATS 
 
No significant differences 
between the 3 different 
feedback conditions and 
technical performance. 
 
Small sample size. Combining 
experienced residents with junior 
residents. Outcome measures 
may lack sensitivity to identify 
differences among more 
experienced surgeons. One 
feedback session may not have 
been sufficient to produce a 
change. Restricted number of 
residents in combination with the 
higher level of surgical 
proficiency at the outset of the 
study may have impacted the 
ability to obtain statistically 
significant findings. 
 
Simulated setting.  
 
 
 
Backstein et al, 
2005 [111] 
 
26 surgical 
residents (PGY1) 
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1. Experimental 1 (expert feedback ) 
2. Experimental 2 (video feedback with expert review) 
 
1. Task specific 
checklist MOSAT 
2. Global Rating 
Scale MOSAT 
 
No significant differences 
between the 2 conditions 
and technical performance. 
 
Technical assessment scales may 
lack  
sensitivity needed to measure the 
subtle improvements in surgical 
skill. 
 
Single procedure. Small sample 
size. Both groups received some 
form of feedback (video/expert) 
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which may not have been 
qualitatively different to identify 
differences in technical 
performance. 
 
 
 
Black et al, 
2010 [123] 
 
30 surgeons (10 
junior, 10 senior 
trainees, 10 
consultants) 
 
Prospective 
observational 
study. Simulated 
setting. 
 
1. Leadership & Management (LM) 
2. Teamwork & Communication (TC) 
3. Problem solving & Decision Making (DM) 
4. Situational Awareness (SA) 
 
Revised NOTECHS 
 
 
1. Global Rating 
Scale OSATS 
2. Procedure Specific 
Skill Imperial 
College  
3. Evaluation of 
Procedure Specific 
Skill Scale (ICEPS 
for CEA) 
 
 
Significant positive 
correlation between 
technical and non-technical 
performance in non-crisis 
and crisis scenario. 
 
Inability to blind the assessors to 
the seniority of trainee. 
Small sample size, simulated 
setting. Single procedure. 
 
DeMaria et al, 
2005 [124] 
 
17 surgeons (16 
residents (PGY1-
5), 1 attending) 
 
Prospective 
experimental 
study. Simulated 
setting. 
 
Fatigue manipulation 
1.Before night call 
2.After night call 
Sleep diary 
 
Fatigue measured on a 4-point scale: well-rested, rested, 
partially rested, & not rested. 
 
1. Economy of 
motion 
2. Time to complete 
task 
3. Errors by each 
hand/foot 
4. Total time 
5. Total number of 
errors 
6. Overall score 
MIST-VR simulator 
 
Economy of motion: 
Significant improvement 
post-call for dominant and 
non-dominant hands 2/6 
tasks. 
Total time to complete task 
improved significantly 
post-call 3/6 tasks. 
Significantly fewer errors 
made post-call 1/6 tasks.  
Overall scores significantly 
improved for 4/6 tasks. 
 
Fatigue level:  
Pre-test: 82% participants 
felt ‘well-rested” or 
“rested” 
Post-test: 76.5% felt “not 
rested”  
 
 
30 residents took part in pre-call 
testing, only 16 were re-tested 
post-call. 
 
Small sample size. Homogenous 
sample. Simulated setting.  
 
Eastridge et al, 
2003 [128] 
 
35 surgical 
residents (PYG1-
5) 
 
Prospective 
experimental 
study. Simulated 
setting. 
 
Fatigue manipulation 
1.Pre-call (rested) 
2.On-call (rested) 
3. Post-call (acutely sleep deprived) 
 
Fatigue measured on a 10-point scale: 1=none, 
10=exhausted. 
 
 
1. Speed 
2. Error 
3. Economy of 
motion 
MIST-VR simulator 
 
Number of errors and time 
to complete all 6 tasks 
increased post-call (fatigue 
state) 
Fatigue level: Significant 
increase from pre-call to 
post-call. 
 
 
 
Homogenous sample. Clinical 
significant of findings in a 
simulator is arguable. 
 
Small sample size. Simulated 
setting 
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Gerdes et al, 
2008 [127] 
 
14 surgeons (5 
residents (PGY3), 
9 attending) 
 
Prospective 
experimental 
study. Simulated 
setting. 
 
Fatigue manipulation 
1. Pre-call  
2. Post-call 
 
Behrenz & Monga Fatigue Questionnaire 
 
Sleep questionnaire (hours slept during pre- & post-call & 
caffeine consumption. 
 
1. Hand movement 
Cyberglove & 
Polhemus Liberty 
Tracker 
2. Tool movement 
3.Cognitive error 
4. Psychomotor error 
5. Time to complete 
 
Sensable Haptic 
Joystick simulator 
 
Significant decrement in 
proficiency measures post-
call. 
 
No significant decrement in 
number of psychomotor 
errors post-call. 
Significant increase in 
cognitive errors post-call. 
 
Increased fatigue ratings 
associated with increased 
errors (R=.92) 
 
 
Small sample size. Simulated 
setting 
 
Hassan et al, 
2006 [126] 
 
24 surgeons (12 
final yr medical 
students, 12 
junior residents 
(PGY1-3) 
 
Prospective 
observational 
study. Simulated 
setting. 
 
Stress coping strategies 
SVF78 Stress-Coping Questionnaire 
 
1.Time to complete 
task 
2. Number of errors 
3. Economy of 
motion 
 
LapSim simulator 
 
Task difficulty: Easy 
Negative stress coping 
correlated positively with 
time to complete task. 
 
Task difficulty: Difficult 
Negative stress-coping 
strategies positively 
correlated with time to 
complete task and number 
of errors. Borderline 
significant correlation 
positive correlation 
between negative stress-
coping and economy of 
motion. 
 
 
Homogenous sample 
Simulated setting 
Self-report stress-coping 
questionnaire. 
Small sample size 
 
Jensen et al, 
2005 [120] 
 
45 surgical 
residents (PGY1-
2) 
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1.Control (no feedback) 
2. Experimental (expert feedback) 
 
1. Global Rating 
Scale OSATS 
2. Time to complete 
task 
3. Final product 
quality (esthetic 
rating scale for skin 
closure & 
anastomotic  leak 
pressure for bowel 
anastomosis) 
 
No significant difference 
between the 2 groups in 
GRS and time to complete 
procedure. No significant 
difference between the 2 
groups for esthetic score for 
skin closure. Difference in 
anastomotic leak pressure: 
expert feedback group 
displayed superior 
performance.  
 
Validity of OSATS not studied 
formally for use with a video- 
recorded performance The skin 
esthetic rating scale may not be 
able to discriminate at a fine 
enough level to show a 
difference. Small sample size, & 
single instructor; limits general-
ability. 
 
Simulated setting. 
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Kahol et al, 
2008 [125] 
 
37 surgical 
residents (25 
PGY1-2, 12 
PGY3/higher) 
 
Prospective 
experimental 
study. Simulated 
setting. 
 
Fatigue manipulation 
1.Pre-call 
2.Post-call 
 
Behrenz Fatigue Questionnaire 
 
 
1. Gesture 
proficiency 
2. Tool movement 
smoothness 
3. Hand movement 
smoothness 
Cyberglove & 
Polhemus Liberty 
Tracker 
4. Time lapsed 
5. Cognitive errors 
Sensable Haptic 
Joystick simulator 
 
 
Exercise combines both 
psychomotor and cognitive 
skills: Significant 
decrement in post-call 
condition for all technical 
performance measures, 
except time to complete 
that significantly improved. 
 
Psychomotor skill 
dominated exercise: No 
significant decrement in 
post-call condition for all 
technical performance 
measures. 
 
Cognitive skill dominate 
exercises: Significant 
decrement in  post-call 
condition for gesture 
proficiency, tool movement 
smoothness, and cognitive 
errors  
 
Positive correlation 
between fatigue and 
number of cognitive errors. 
 
 
Simulated setting  
Homogenous sample 
 
 
LeBlanc et al, 
2008 [118] 
 
12 junior 
residents (PGY1) 
 
Prospective 
experimental 
study. Simulated 
setting. 
 
Stress manipulation 
1.Pre-exam (low stress) 
2. Examination (high stress) 
3. Post-exam (low stress) 
 
Self-report Stress measure (scale 1-10) 
 
1. Global Rating 
Scale OSATS 
2. Task-Specific 
Checklist 
 
Significantly better 
performance in high stress 
condition of task-specific 
checklist scale. No 
significant difference in 
performance (low vs. high 
stress) on GRS. 
Stress levels significantly 
higher high stress vs. low 
stress condition 
 
 
Subjective measure of stress. 
Homogenous sample. Small 
sample size. Specific stress 
manipulation: socio-evaluative. 
 
LeBlanc et al, 
2009 [121] 
 
32 junior 
surgeons (16 
medical 
students(4th yr), 
16 residents 
(PGY1) 
 
Prospective 
observational 
study. Simulated 
setting 
 
1. Communication 
OSCE 5-item Global Scale 
 
Global Rating Scale 
OSATS 
Task-Specific 
Checklist 
 
No correlation between 
communication and 
technical performance. 
 
Modest number of participants. 
Participants assessed on 
videotaped performances, which 
may lead to decreased validity in 
scores. 
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Homogenous sample. Simulated 
setting. Communication between 
surgeon and patient.  
 
Moorthy et al, 
2005 [130] 
 
27 surgical 
trainees 
 
Prospective 
observational 
study. Simulated 
setting. 
 
 
1. Preoperative preparation 
2.Communication & Interaction 
3. Vigilance/Situational awareness 
4. Leadership 
Selected elements from LOSA 
 
5. Communication: Utterance frequency (UF) 
 
 
1. Global Rating 
Scale OSATS 
2. Task-Specific 
Checklist 
Imperial College  
3. Evaluation of 
Procedure-Specific 
Skills (ICEPS) 
4. Essential Item 
Checklist 
 
No significant correlation 
between non-technical and 
technical GRS.  
 
Homogenous sample. Small 
sample size. Non-validated 
measure of NTS. Simulated 
setting. Single procedure.  
 
Moulton et al, 
2009 [122] 
 
32 surgical 
trainees 
(16 medical 
students(4th yr), 
16 residents 
(PGY1) 
 
Intervention study. 
Simulated setting 
 
Feedback manipulation 
1.Control (no feedback) 
2. Experimental (expert feedback) 
 
1. Global Rating 
Scale OSATS 
2. Task-Specific 
Checklist 
 
No significant between the 
2 groups in technical 
performance. 
 
 
Small sample size, Simulated 
setting. Received feedback on 
communication performance 
ONLY. Surgeon-patient 
interaction. 
 
O’Connor et 
al, 2008 [115] 
 
9 surgical trainees 
(1st&2nd yr 
medical students) 
 
Intervention study. 
Simulation setting 
 
Feedback manipulation 
1.Control (no feedback) 
2. Experimental (knowledge of result: KR) 
3.Experimental (knowledge of performance and KR) 
 
1. Time 
2. Instrument path 
length 
3. Instrument 
smoothness 
ProMIS Simulator 
4. Error score 
 
Significant difference 
between groups 1&2, 1&3, 
for all technical 
performance measures.  
 
 
 
Small sample size limits 
generalisabilty, however 
statistical power of the test 
ensured. Absence of feedback 
regarding quality of task in the 
KR group, KR+KP group 
received this feedback. 
 
 
Homogeneous sample. Medical 
students with no previous 
laparoscopic experience. Simple 
task, low technical difficulty. 
Simulated setting. 
 
 
Porte et al, 
2007 [114] 
 
45 surgical 
trainees (1st yr 
medical students)  
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1. Motion analysis feedback (no criterion) 
2. Motion analysis feedback (criterion) 
3.Expert feedback 
 
1. Global Rating 
Scale 
2. Hand Motion 
Efficiency 
Imperial College 
Surgical Assessment 
Device (ICSAD) 
 
Statistically significant 
improvement in GRS and 
ICSAD scores for all 3 
groups from pre-post test.  
Group 1&2 displayed no 
significant improvement 
between pre-delayed post 
test scores. Group 3showed 
sustained improvement 
(pre-delayed post-test). 
 
Homogeneous sample. Simple 
task; low technical difficulty. 
Simulated setting. 
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Rogers et al, 
1998 [113] 
 
82 surgical 
trainees 
(medical students) 
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1.Control (no feedback) 
2. Experimental (expert feedback) 
 
 
1. Knot square 
2. Quality of knot 
tying 
3. Time taken to 
complete 
Assessment measures 
not specified 
 
No significant difference 
between the 2 groups in 
knot square and time to 
complete. Significant 
difference between the 2 
groups in quality of knot 
tying; feedback group 
superior performance.  
 
 
Homogeneous sample. Simple 
task; low technical difficulty. 
Simulated setting. 
 
Rogers et al, 
2000 [112] 
 
105 surgical 
trainees 
(junior/senior 
medical students) 
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1.Control (no feedback) 
2. Experimental (expert feedback) 
 
 
1. Knot square 
2. Quality of knot 
tying 
3. Time taken to 
complete 
Assessment measures 
not specified 
 
No significant difference 
between the 2 groups in 
knot square and time to 
complete. Significant 
difference between the 2 
groups in quality of knot 
tying; feedback group 
superior performance. 
 
 
Homogeneous sample. Simple 
task; low technical difficulty. 
Simulated setting. 
 
Wetzel et al, 
2010 [131] 
 
30 Surgeons (2-
34 yrs 
experience) 
 
Prospective 
observational 
study. Simulated 
setting. 
 
Stress manipulation: 
1.Routine scenario (non-stressful) 
2. Crisis scenario (stressful) 
 
Stress measures:  
State Trait Anxiety Inventory(STAI) 
Heart Rate (HR) 
Heart Rate Variability (HRV) 
Salivary Cortisol (SC) 
 
Teamwork 
1.Communication 
2.Leadership 
3.Cooperation 
4.Coordination 
5.Monitoring 
Observational Teamwork Assessment for Surgery (OTAS) 
 
Stress-coping strategies 
Interviews  
 
 
1.Global Rating 
Scale OSATS 
2.Quality of 
Operative End 
Product End  
Product Assessment 
Rating Scale (EPA) 
 
No significant effect of 
stress and coping on 
technical performance. No 
relationship between HR, 
HRC & SC and technical 
performance. 
 
Conclusions from study limited 
by the use of a single procedure 
in the simulated environment. 
 
Small sample size. 
 
Xeroulis et al, 
2007 [117] 
 
60 surgical 
trainees 
(1st yr medical 
students) 
 
Intervention study. 
Simulated setting. 
 
Feedback manipulation 
1.Control (no feedback) 
2.Self-study with computer based video instruction (CBVI) 
3.Expert feedback-concurrent feedback 
4. Expert feedback (summary feedback 
 
1.Global Rating 
Scale OSATS 
2.Hand Motion 
Efficiency Imperial 
College Surgical 
 
Pre-test GRS: No 
significant differences 
between all groups. 
Post-test GRS: All groups 
improved from pre to post-
 
Does not address utility of these 
methods (feedback) in more 
complex tasks and whether these 
skills are transferable into 
clinical setting. 
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Assessment Device 
(ICSAD) 
test. All 3 experimental 
groups displayed superior 
performance compared to 
control group. 
1-month Post-test retention 
GRS: CBVI and Summary 
feedback groups retained 
superior performance 
compared to controls. 
 
Post-test hand motion 
efficiency: no significant 
differences between all 
groups. 
 
 
Homogenous sample.  
 
Zheng et al, 
2008 [116] 
 
44 surgical 
trainees 
(8 medical 
students/office 
staff, 13 PGY1-3, 
10 PGY4-5, 7 
Fellows, 6 
attending) 
 
Prospective 
observational 
study. Simulated 
setting. 
 
1. Team quality score 
8 questions regarding team communication and cooperation 
quality. 5-point rating scale. 
 
1. The Legacy 
Inanimate systems 
for Endoscopic Team 
Training LISETT 
(speed and accuracy) 
 
Positive correlation 
between LISSETT score 
and team quality score. Top 
self-rated teams performed 
the LISSETT task 
significantly better than the 
lowest self-rated teams. 
 
 
Self-evaluation of team quality 
was affected by the status of the 
surgeons within a team. 
 
Office staff included in sample.  
Self-rated team quality. NTS 
assessment measure not 
validated. Simulated setting.   
 
CBVI, computer-based video instruction; EPA, End Product Assessment; HR, Heart rate; HRV, Heart rate variability; ICEPS for CEA, Imperial College Evaluation of 
Procedure-specific Skill scale for carotid endarterectomy; ICSAD, Imperial College Surgical Assessment Device; ISAT, Imperial Stress Assessment Tool; KP, knowledge of 
performance; KR, knowledge of result; LISETT, The Legacy Inanimate Systems for Endoscopic Team Training; LOSA, Line Operations Safety Audit Checklist; MIST-VR, 
Minimally Invasive Surgical Trainer-Virtual Reality; MOSAT, Mini Objective Structured Assessment of Technical Skills; NTS, nontechnical skills; OSCE, Objective 
Structured Clinical Evaluation; OTAS, Observational Teamwork Assessment for Surgery; Revised NOTECHS, Revised Non-Technical Skills; OSATS, Objective 
Assessment of Technical Skills; PGY, postgraduate year; SC, Salivary Cortisol; STAI, State Trait Anxiety Inventory. 
*Italics denote author critical appraisal.
102 
 
3.5.7 The Impact of Operating Theatre Team Members’ Non-Technical Skills on 
Surgeons’ Technical Performance (Table 3.3)  
 
Six reports assessed the impact of the entire operating theatre team’s (surgical, anaesthetic, 
and nursing members) non-technical skills on surgical technical performance. [22, 102, 133-
136] Four reports (based on 2 datasets) assessed non-technical skills using the Oxford 
NOTECHS System. Collectively these studies found weak negative correlations (rs=-0.16 to -
0.27), between the overall team non-technical performance and technical errors made by the 
operating surgeon. [102, 133-135] The non-technical skill that emerged as more relevant in 
these reports was situational awareness, such that better situational awareness was associated 
with fewer surgical errors (r=-0.72, P<0.001; [135] F(2,42)=7.93, P<0.001). [133] Moreover, 
higher-scoring leadership and management in operating theatre nurses were associated with 
fewer procedural problems and errors (e.g. dropping a sterile piece of specialist equipment, 
forgetting to connect equipment power leads, administering the wrong drug); [110]whereas 
higher levels of these same skills among surgeons decreased overall operative time. 
 
[133] 
Two additional studies recorded operative events via real-time observation and subsequently 
classified them as surgical errors and teamwork failures/disruptions of various types. A 
strong positive correlation (r=0.67, P<0.001) between technical error and teamwork failure 
was found – the latter defined as operative events constituting teamwork failures according to 
human factors theory. [22, 136]
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Table 3.3: Characteristics of Studies Investigating the Impact of Operating Theatre Team Members Non-Technical Skills on Surgeons’ 
Technical Performance
 
Authors 
Subjects and          
Speciality 
Study Design & 
Setting 
Non-Technical Skill(s) 
Assessed & Assessment 
Measure(s) 
Technical Skill(s) 
Assessed & Assessment 
Measure(s) 
Findings 
 
Critical Appraisal 
Author 
My critical appraisal 
 
 
Catchpole et al, 
2008 & McCulloch 
et al 2009 [133, 
134] 
 
 
103 Operating 
Theatre teams 
(surgeons, nurses, & 
anaesthetists) 48 
pre-intervention, 55 
post-intervention 
 
Intervention study. 
Real Operating 
Theatre 
 
1.Leadership and Management 
(LM) 
2. Teamwork and Cooperation 
(TC) 
3. Problem-solving & Decision 
Making (PD) 
4. Situational Awareness (SA) 
 
Oxford NOTECHS 
 
 
1.Errors in surgical 
technique OCHRA 
2.Procedural problems and 
errors NOPEs 
3. Operative time 
 
 
Pre-intervention: 
Relationship between 
technical error and surgical 
SA. Operative time 
significantly affected by 
surgical LM. Operative time 
significant interaction 
between operative type and 
anaesthetic LM. Procedural 
problems and errors affected 
by nursing LM.  Post-
intervention: Significant 
weak negative correlation 
between overall NOTECHS 
scores and surgical technical 
errors. 
 
Significant weak negative 
correlation between entire 
team SA, and moderate 
negative correlation between 
surgical SA, and technical 
error. 
 
Single site study 
Small sample size in absolute terms. 
 
 
ElBardissi et al, 
2008 & Wiegmann 
et al, 2007 [22, 
136] 
 
 
 
 
31 surgical cases. 5 
surgeons ( nurses, 
anaesthetists, 
perfusionist)  
 
Prospective 
observational study. 
Real Operating 
Theatre 
 
Teamwork failures/disruptions  
(issues revolving around 
communication, team 
coordination, team familiarity, 
and team monitoring 
 
1.Surgical errors  
(written documentation via 
observation) 
 
Strong positive correlation 
between teamwork 
disruptions and surgical 
errors. 
 
 
 
 
 
 
Single site study 
Small sample size (surgeons n=5) 
Non-validated assessment measures 
104 
 
 
Mishra et al, 2008 
& 2009 [102, 135] 
 
 
65 Operating 
Theatre teams 
(surgeons, nurses, & 
anaesthetists) 
26 pre-intervention, 
39 post-intervention 
 
 
Intervention study. 
Real Operating 
Theatre. 
 
 
1.Leadership and Management 
(LM) 
2. Teamwork and Cooperation 
(TC) 
3. Problem-solving & Decision 
Making (PD) 
4. Situational Awareness (SA) 
 
Oxford NOTECHS 
 
 
1.Errors in surgical 
technique OCHRA 
 
 
Pre-intervention: Non-
significant weak correlation 
between surgical technical 
error & team NOTECHS 
scores. Significant moderate 
negative correlation between 
team SA and surgical 
technical errors. Significant 
strong negative correlation 
between surgical technical 
errors and surgical SA.  
 
Post-intervention: Significant 
weak negative correlation 
between surgical technical 
error and team NOTECHS 
scores. Significant stronger 
negative correlation between 
surgical technical errors and 
surgical NOTECHS scores 
.  
 
Single site study. Single general 
surgical procedure. Small sample size.  
Concurrent use of NOTECHS & 
OCHRA by same observer may lead 
to greater agreement between scales. 
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3.5.8 The Impact of Non-Technical Skills on Anaesthetists’ and Operating Theatre 
Nurses’ Technical performance  
 
Only one of the 28 studies in this review (not tabulated) assessed the impact of non-technical 
skills on anaesthetists’ technical performance, and found a strong correlation between the two 
(r=0.73, P<0.001). [132] This was an intervention study, conducted in a simulated 
environment.  Forty-two anaesthetists’ non-technical skills were assessed using the validated 
Anaesthetists Non-Technical Skills (ANTS) tool,  [99] which measures task management, 
team working, situational awareness, and decision-making. Technical performance was 
evaluated using the Medical Management Checklist.  This study too only reported overall 
correlations, and no skill-specific analyses. The search did not identify any studies that 
assessed the impact of nurses’ non-technical skills on their own technical performance in the 
operating theatre. 
 
3.6 Discussion 
 
To the best of my knowledge, this is the first systematic review on the impact of non-
technical skills on technical performance in surgery. A striking feature of the studies included 
in this review was the wide range of non-technical aspects of performance assessed. Dealing 
effectively with stress and fatigue, and seeking performance feedback have traditionally been 
viewed as performance management skills but have more recently been identified as core 
non-technical skills, [108] they reach far beyond the behavioural and cognitive elements, 
typically associated with the term ‘non-technical skills’ such as communication and 
leadership.  
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3.6.1 Key Findings 
  
Despite the significant heterogeneity in the evidence base, the following findings emerge 
regarding how non-technical skills may influence technical performance in the operating 
theatre: 
 There is no evidence that poor communication in the operating theatre 
negatively affects technical performance.
 
The fact that communication is not 
explicitly included in all non-technical skill assessment tools may contribute to 
the lack of relationship between the two skills found in this review. [102, 121, 
133-135] 
 Failures in non-technical skills (especially in situational awareness among 
surgeons) are associated with a higher rate of technical errors. [22, 102, 133-
136] 
 Coping with the deleterious impact of excessive levels of stress in the 
operating theatre is key to maintaining optimum technical proficiency. [126, 
131]This finding complements a recent systematic review which highlighted 
the significant impact of stress on surgical performance. [145]  The impact of 
stress depends on the level of expertise of the surgeon and the nature of the 
task. [131] 
 Increased levels of fatigue are associated with detriments to particular aspects 
of surgical performance. [125, 127, 128]
 
 
 Provision of feedback on performance has a beneficial effect on certain 
aspects of technical performance.
 
The effect, however, appears to be task 
dependent. [112-115, 117] 
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Although I also sought to investigate the effect of other team-members’ non-technical skills 
on technical outcomes of surgery, this was limited by the available literature where evidence 
on other team-members in the operating theatre, aside from surgeons, was conspicuously 
absent. This is a serious concern as safe surgical performance can be dependent upon the 
successful interaction of different people working together in the operating theatre. This is 
especially true in the case of crises, when the performance of a surgeon can be significantly 
enhanced or impeded by the team-skills of anaesthetic and nursing personnel. [20, 84, 101] 
Furthermore, focusing on the surgeons’ non-technical skills alone, to the exclusion of others, 
is not a true representation of teamwork. It thus remains to be empirically investigated how 
inter-professional team interactions affect surgical performance and subsequently how they 
can be optimised through team-training to improve patient outcomes.  
 
3.6.2 Assessment of Technical and Non-Technical Skills 
 
With regards to the secondary aim of this review, vast variability in assessment tools was 
noted. Assessment of technical performance ranged from using tools with extensive evidence 
of validity and reliability, such as the Objective Structured Assessment of Technical Skills 
(OSATS) [146] to rather crude measures of technical performance, such as time taken to 
complete a task (speed does not always equal accuracy or safety). The same was true for non-
technical assessment, which ranged from tools with extensive evidence of validity and 
reliability, such as the Observational Teamwork Assessment for Surgery (OTAS) [62-64] to 
study-specific scales with no validity evidence to support them. [116] Use of tools with 
evidence of validity and reliability is a prerequisite for successful scientific measurement of a 
skill or of a performance parameter in question. Poorly validated metrics present a significant 
risk of missing a true correlation between technical and non-technical performance because 
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of lack of sensitivity or lack of reliability in the metrics (i.e., a Type I error). [147] Better 
validated tools capture underlying skill/performance more accurately, thus minimising error 
and bias in data collection and increasing confidence in the validity of the findings. With the 
current availability of assessments tools that are psychometrically robust to capture non-
technical skills, [64, 99, 101, 102, 148, 149] and with recent systematic reviews detailing the 
psychometric
 
robustness of  technical [110]
 
and non-technical [104] assessment measures,  I 
strongly recommend that future research consistently utilizes such tools to improve the 
robustness of the evidence base. Moreover, tool utilisation by trained assessors should be 
considered a prerequisite for future research. Training assessors is part of establishing 
validity of the assessment and quality control; it ensures assessments are truly comparable 
within and between studies. This need has been identified in the surgical literature, and is 
addressed in Chapters 7-9 in this Thesis. 
 
3.6.3 Limitations 
 
In the light of the evidence base, certain limitations become apparent. A key limitation is that 
although the relationship between non-technical skills and technical performance has 
attracted much attention in the surgical literature, many studies have failed to address this in a 
consistent manner. Twenty articles were excluded from this review because even though they 
did report descriptive assessments of both non-technical skills and technical performance 
they did not report any associations between the two skills sets using statistical analyses. 
This is an important finding in itself, for two reasons. Firstly, it may highlight publication 
bias if correlational analyses were not reported due to non-significant findings. Secondly, it 
highlights significant variability in reporting across studies – rendering cross-study 
comparisons difficult. Therefore with a view to improve the standard of the evidence base, 
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we advocate that both descriptive and correlational analyses should be provided for any study 
jointly assessing technical and non-technical performance. A further limitation of this review 
is that surgical researchers typically treat all non-technical skills as a single entity and thus 
only report single, global ratings of these skills. The failure to report findings at the level of 
individual non-technical skills prevents firm conclusions being drawn regarding the 
contribution of each particular skill to technical outcome. Future studies ought to report 
assessments of individual skills, as well as global scores. This will allow the relative 
importance of each of these non-technical skills to be elucidated, thereby leading to targeted 
training and improvement efforts. Furthermore, the majority of the studies in this review were 
conducted in simulated environments; the validity of these studies clearly rest upon the 
assumption that performance in a simulated environment is directly comparable to 
performance in the operating theatre. In addition, the studies that were conducted in the 
operating theatre concentrated on elective procedures; there may be fundamental differences 
in the impact of non-technical skills on particular aspects of technical performance, in 
different procedures and also in emergency surgery settings. At present, this is unclear and 
future research ought to empirically investigate such gaps in the literature. The 
aforementioned limitations notwithstanding, a number of implications follow: 
 
3.6.4 Implications and Recommendations for Operating Theatre Practice and Training 
 
Overall, this review provides evidence that non-technical skill of operating theatre teams do 
have an effect on their technical performance. Taken together with other recent reviews, [108, 
145, 150] my review suggests that training to improve non-technical skills has the potential to 
improve teamwork, performance and safety in the operating theatre – and thus ultimately 
contribute positively to patient outcomes. As our understanding of the interactions between 
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specific skills and technical performance increases, tailor-made training packages aiming at 
specific skills for specific grades of surgical expertise can be developed, implemented and 
evaluated. Within the current training paradigm, incorporating non-technical elements into 
the feedback provided to trainees (i.e., in addition to technical feedback) could be a first step 
towards raising awareness and facilitating behavioural change in the operating theatre.  
 
3.6.5 Implications and Recommendations for Future Research on Non-Technical Skills 
 
Future research should address the issue of variability in assessment tools. Recent reviews 
have compared assessment tools for both technical and non-technical performance in relation 
to scale formulation, validity, reliability and feasibility. [104, 151] These should be used to 
inform future tool selection for further studies rather than ad-hoc development on a case by 
case basis. Whilst the availability and careful selection of non-technical skills assessment 
tools is essential to this endeavour, it is not in itself sufficient to ensure that the resultant 
evaluation of performance is reliable and valid. In addition to selecting psychometrically 
robust instruments, future research should direct attention towards the process of assessment 
itself. The assessment process relies heavily upon the ability of the assessor to provide 
reliable and valid evaluations of these safety critical skills. In other high-risk industries, the 
most effective way of ensuring that assessors are capable of providing accurate evaluations is 
thought to be assessor training. [152, 153] Little attention has been paid to this critical factor 
in the assessment process in surgery. Lastly, reporting of findings should also be more 
consistent, covering associations between different skill sets, as argued above.  
 
Taking a wider perspective, interventions designed to improve non-technical and team skills 
in the operating theatre have started to emerge.[31, 134, 154] In the UK, the Safe Surgery 
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Safety Checklist that emerged from an international WHO pilot study has been mandated for 
use in all operating theatres since February 2009. [155, 156] As highlighted in Chapter 2, the 
key aim of the checklist is to enhance team communication and coordination, and thus 
improve patient safety. In the USA, several modules are included in Phase III of the 
American College of Surgeons and the Association of Program Directors in Surgery 
(ACS/APDS) Surgical Skills Curriculum. [157] These developments are very encouraging. 
Coupled with scientifically sound evaluations of their impact on team and technical 
performance using validated metrics, they are likely to lead to a new generation of operating 
theatre teams who are technically proficient and effective team members.  
 
3.7 Conclusion 
 
In the past 5 years non-technical and team skills have become a prominent feature of the 
surgical, anaesthetic, and nursing literature. Although the available literature is somewhat 
heterogeneous, this review provides evidence that these skills can and do have an effect on 
surgeons’ technical performance. Future research should approach the assessment of non-
technical skills in a more standardised and scientific manner. In addition to utilising 
psychometrically robust tools for the assessment of skills, attention should be directed to 
enabling the amassment of faculty that are capable not only of providing accurate evaluations 
but also feedback to maximise learning opportunities. Increasing our understanding of the 
factors that facilitate and impede non-technical and team skills in the operating, and how 
these skills effect patient safety is essential to developing evidence-based training. This is 
vital in order to ensure that operating theatre teams are competent in all the skills required for 
safe, high quality patient care.  
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The next chapter aims to further increase our understanding of the factors that facilitate or 
impede non-technical and team skills in the operating theatre. A key finding of this review 
was that effectively managing excessive levels of stress in the operating theatre is crucial for 
technical performance. The next chapter presents a prospective empirical study exploring the 
impact of stress on teamwork in the operating theatre. 
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4 ASSESSMENT OF STRESS AND TEAMWORK IN THE 
OPERATING THEATRE: AN EXPLORATORY STUDY 
 
 
4.1 Chapter Overview 
 
This chapter builds upon the importance of understanding factors that facilitate or impede 
teamwork in the operating theatre highlighted in Chapters 2 and 3. This chapter presents an 
empirical study exploring the effects of acute stress on team performance of operating theatre 
teams. An introduction to stress and how stress is perceived by operating theatre teams is 
presented, followed by a description of the methodology used in this study.  Key findings are 
presented and the implications for team training and stress management are discussed. 
 
4.2 Introduction 
 
As highlighted in Chapters 2 and 3, understanding factors that facilitate or impede non-
technical and team skills in the operating theatre is critical to achieve high quality care; acute 
stress is one such factor that has the potential to compromise patient safety.  Despite the fact 
that the operating theatre is a high-stress environment, characterised by periods of high 
workload, time pressures, fatigue, multiple distractions, and coupled with the ever present 
recognition of the potential catastrophic consequences of error, research on the impact of 
stress on individual and team performance in the operating theatre is scarce. [145, 158]  
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4.2.1 Stress  
 
Managing stress has been identified as a key non-technical skill that is essential in many 
work-settings. [12] The ability to manage stress is multi-faceted and includes the 
identification of factors that elicit stress (stressors), recognising signs of stress (e.g. 
physiological signs such as sweaty palms, increased heart rate), understanding the impact that 
stress can have on performance, and lastly the implementation of strategies to cope with 
stress. [12]  
 
Stress has been the focus of much research and spans many disciplines including psychology, 
physiology, and psychobiology. Consequently many theories of stress have been proposed 
(e.g. systematic, cognitive/psychological), psychological stress theories are generally well-
accepted and psychological stress has been defined as ‘a particular relationship between the 
person and the environment that is appraised by the person as taxing or exceeding his or her 
resources and endangering his or her well-being’. (p.19) [159]  The central facet of this 
definition, and indeed a number of psychological theories of stress and coping (e.g. Lazarus 
1966), [160] is the cognitive appraisal of stressors and resources. When an individual 
perceives environmental demands to outweigh their resources to cope (e.g. skill expertise, 
prior training, experience), stress is experienced. The great the imbalance between demands 
and the ability to cope the higher the level of stress experienced. Furthermore, individual 
factors (such as personality, available coping strategies) mediated the perceived 
balance/imbalance of  demands and resources and help to explain why objectively similar 
environmental conditions can be perceived as stressful to one individual but not another.  
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Regardless of the theoretical standpoint that one takes, the Yerkes-Dodson Law [161] is a 
universally accepted law of the relationship between stress/arousal and performance.  The 
Yerkes-Dodson Law stipulates that optimal performance is coupled with an optimal state of 
stress or arousal such that, if the arousal state is too low performance is hindered (e.g. 
through boredom and/or lack of motivation), as stress increases so does performance but only 
up to a point. When stress or arousal states are too high performance begins to decrease (e.g. 
through hindering cognitive processes such as concentration and problem-solving ability).   
 
4.2.2 Stress and Teamwork 
 
It has been noted that although a substantial amount of research has explored individual 
performance under stress eliciting conditions, considerably less research has focused upon the 
effects of stress on team performance. [162] Research that has focused on team performance, 
mainly conducted outside healthcare, suggests that excessive levels of stress are detrimental 
to team performance. [162-164] The cognitive and behavioural mechanisms by which this 
occurs have been attributed to a restriction of attentional focus affecting information 
processing capabilities and shared mental models among team members. [162-164] For 
example, stress causes a shift in  team members’ perspective from a team-level focus to a 
narrowed self-focus that excludes other members of the team – often resulting in loss of team 
cohesion and support (i.e. cooperation and backup behaviour-key dimensions of teamwork), 
and eventually poor outcomes for the team as a whole. [164] Such findings have 
understandably resulted in the development of  training strategies geared towards mitigating 
the negative effects of stress of individual and team performance. These including 
‘overlearning’, [165] attentional training, [166] and stress-exposure training. [167]  
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4.2.3 Perceptions of Stress in the Operating Theatre 
 
Historically the surgical community has perceived stress as a sign of weakness or failure.  A 
recent interview study revealed that over 90% of surgeons believed that the surgical 
community has difficulties in acknowledging stress and its potential impact on performance. 
[168] Studies that have sought to quantify perceptions of stress among operating theatre 
members have found that, in general only a minority openly recognise the effects of stress on 
surgical performance. [169] Among operating theatre team members, consultant surgeons 
were least likely to recognise the effects of stress on performance with 76% agreeing with the 
following statement:  “My decision making ability is as good in medical emergencies as in 
routine situations,” across all other operating theatre team members agreement with this 
statement ranged from 56%-72%. [169]  
 
4.2.4 Stressors in the Operating Theatre 
 
The operating theatre is littered with an array of potential stressors. A recent study found that 
the total count of stressors per case ranged from 1 to 23.5, with a mean of 5.87. [170] The 
most frequent type of stressor identified was distractions/interruptions and the least frequent 
type of stressor identified was teaching. This study also found that different stressors trigger 
varying levels of stress with technical factors being the most stressful, and teaching the least 
stressful, and  that the level of stress experienced in the operating theatre is not only a 
function of the number of stressors present but also a function of the how stressful a factor is 
perceived to be. [170] Stressors in the operating theatre often arise concurrently: the ever 
present time pressure is often paired with inexperience in some team-members, unavailable 
equipment, and distraction to the operating surgeon. [170-172] Taken together, such stressors 
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can threaten both team function and patient safety – especially when technical problems are 
also present, including patients with multiple comorbidities, or difficult anatomy. [170-172] 
 
To date, however, the effect of stress on operating theatre team performance has received 
little attention. Research exploring stress and performance has typically concentrated on 
individual members of the operating theatre, such as surgeons [145] or anaesthetists. [173] 
How stressful events are perceived by the entire operating theatre team and how such events 
impact on team performance remain largely unexplored.  To date, there has been no direct 
assessment of how stress affects different operating theatre team members and how 
surgeons’, anaesthetists’, and nurses’ perceptions of a stressful situation in the operating 
theatre compare. This is an important question: it is plausible, for example, that dealing with 
difficult anatomy whilst at the same time multiple distractions are present in the operating 
theatre triggers a stress response in the surgical team, but goes largely unnoticed by nursing 
team. In this instance, optimal teamwork in the operating theatre would mean that in such a 
case, the nursing and anaesthetic team should be aware of the potential stress eliciting 
condition faced by the surgeon and strive to minimise distractions (i.e. exhibit back-up 
behaviour), so that the surgeon can focus on the task at hand and carry it out safely. 
Worryingly, the value of employing such a strategy to reduce the negative effects of stress on 
performance appears not to be valued equally among operating theatre team members; whilst 
78% of theatre nurse agreed that ‘team members should monitor each other for signs of stress 
or tiredness’, only 55% of surgeons agreed. [50]  This is important as effective teamwork, as 
highlighted in Chapter 2, is dependent upon team members’ continuously monitoring and 
assessing each other’s performance and providing backup behaviour when needed. In turn, 
teams that engage in mutual performance monitoring and backup behaviour are better able to 
adapt to changing conditions as they are in a better position to recognise and respond to 
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changing task demands. A better understanding of the levels of stress experienced by 
individual members of the operating theatre team and how this effects team performance is 
therefore critical to patient safety.  
 
4.3 Aims 
 
The aim of this study was to address the gap in the evidence base presented above. 
Specifically the aims were: 
 
1) To provide a detailed, robust exploration of patterns of stress and operating theatre 
teamwork performance across sub-teams (surgeons, anaesthetists, nurses) and 
operative phase (pre-, intra- and post-operative).  
 
2) To explore the feasibility of concurrently assessing the quality of teamwork in the 
operating theatre and the levels of stress experienced by individual team members 
(surgeons, anaesthetists, nurses).  
 
The questions I sought to answer were: 
 
1) Are different patterns of stress and teamwork performance across operating theatre 
sub-teams (surgeons, anaesthetists, nurses) and operating phase (pre-, intra-, post-
operative) evident in the operating theatre? 
 
2)  Is the concurrent assessment of teamwork and stress in operating theatre feasible? 
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4.4 Methods 
 
4.4.1 Design and participants 
 
This was a prospective, cross-sectional study conducted in the operating theatre of a 
University Teaching Hospital. Twenty General Surgical teams each consisting of six team 
members (Primary Operating Surgeon, Surgical Assistant, Anaesthetist, Anaesthetic 
Assistant (either Trainee Anaesthetist or Operating Department Practitioner (ODP)), Scrub 
Nurse, and Circulating Nurse) were recruited using convenience sampling. Data were 
collected in real time from 20 elective surgical cases (including hernia repairs, laparoscopic 
cholecystectomies, laparoscopic nissen fundoplications, and laparoscopic/open 
hemicolectomies). All patients had an American Society of Anaesthesiologists (ASA) grade 
of I-II. All cases were carried out by a Consultant Surgeon under general anaesthetic. Ethical 
approval and informed consent were obtained prior to data collection.   
 
4.4.2 Outcome Measures  
 
4.4.2.1 Teamwork  
 
Teamwork of the operating theatre team was assessed using the Observational Teamwork 
Assessment for Surgery (OTAS) tool. OTAS is a validated measure which assesses five 
teamwork-related behaviours: communication, leadership, cooperation/back-up behaviour, 
coordination and team monitoring/situation awareness. Each team behaviour is scored on a 7-
point scale with clearly defined anchors. Different scores are provided for each sub-team in 
the operating theatre (surgical, anaesthetic and nursing) and across the different phases of 
120 
 
surgery (pre-, intra- and post-operative). Thus for each procedure, OTAS generates 45 scores 
(5 behaviours x 3 sub-teams x 3 phases) – thus providing a comprehensive measure of 
teamwork.  
 
4.4.2.2 Stress  
 
Stress was assessed for each operating theatre team member separately using the validated 
short-form of the State-Trait-Anxiety-Inventory (STAI) questionnaire. [138]  This 
questionnaire consists of six-items that quantify the physical, cognitive, and emotional 
aspects of stress. Figure 4.1 displays the short-form of the STAI questionnaire.  
 
Figure 4.1 Short-Form of State Trait Anxiety Inventory Questionnaire [138] 
 
 Not at all Somewhat so Moderately so Very much so 
I feel calm 1 2 3 4 
I feel upset 1 2 3 4 
I feel content 1 2 3 4 
I feel tense 1 2 3 4 
I feel relaxed 1 2 3 4 
I feel worried 1 2 3 4 
 
 
Individuals are required to respond to the above statements and score their agreement on a 1-
4 scale.  The positive items (e.g. I feel calm) are reverse-scored, thus yielding a total score 
ranging from 6-24. Higher scores indicate greater levels of stress. 
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This questionnaire was selected for a number of reasons. Firstly, it takes very little time to 
complete. In the context of a busy operating theatre completion time was considered a very 
important factor in assessment tool selection.  Secondly, the self-report nature of this 
questionnaire is far less intrusive than objective measures of stress (e.g. heart rate, heart rate 
variability, skin conductance level, salivary cortisol). Lastly, this questionnaire forms part of 
the Imperial Stress Assessment Tool (ISAT) and has demonstrated strong concurrent validity 
with objective indices of stress, including heart rate and salivary cortisol, and has shown good 
sensitivity and specificity in capturing stress in the operating theatre. [140] 
 
4.4.3 Procedure 
 
Teamwork observations and assessments were carried out by myself in real time. At the time 
of this study I had observed over 100 surgical cases using OTAS. A sub-set of cases (n=9) 
were also rated by a second, blinded observer (Eva Kassab; psychologist) to assess inter-rater 
reliability in OTAS scoring. To assess stress, immediately before and after each procedure all 
members of the operating theatre team (Primary Operating Surgeon, Surgical Assistant, 
Anaesthetist, Anaesthetic assistant , Scrub Nurse, and Circulating Nurse) completed the STAI 
form.  
 
4.4.4 Statistical analyses 
 
Descriptive statistics (means and standard deviations) were computed for each teamwork 
behaviour across each sub-team (surgeons, anaesthetists, nurses) and operative phase (pre-, 
intra-, and post-operative). Total teamwork scores were calculated by averaging the five 
behavioural ratings. Teamwork scores were submitted to Analysis of Variance (ANOVA) to 
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determine statistically significant differences between sub-teams, operative phases and 
behaviours. Significant main effects were followed up using post-hoc tests (t-test) to 
determine where the differences were. Inter-rater reliability in OTAS scoring was assessed 
via Intra-Class Correlation coefficients (ICC). Descriptive statistics (means and standard 
deviations) were also computed for self-reported stress (STAI) scores for each member of the 
operating theatre team. STAI scores were also submitted to ANOVA to determine whether 
there were significant differences between levels of stress experienced by each member of the 
operating theatre team. Furthermore, each case was separately submitted to frequency 
analysis aiming to determine and compare which operating team member experienced the 
highest and lowest level of stress pre-, intra, and post-operatively.  
 
4.5 Results 
 
Table 4.1 summarises the demographics of the members in the 20 operating theatre teams 
that were observed.  
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Table 4.1 Operating Theatre Team Members Demographics 
 
  
 
AGE  
Mean (SD) 
 
YEARS OF 
EXPERIENCE IN 
SPECIALITY 
 Mean (SD) 
 
O
P
E
R
A
T
IN
G
 T
H
E
A
T
R
E
 
T
E
A
M
 M
E
M
B
E
R
 
Primary Operating Surgeon 37.67 (4.70) 9.42 (5.33) 
Assistant Surgeon  31.00 (3.61) 4.00 (3.77) 
Anaesthetist  38.06 (2.72) 10.94 (3.38) 
Anaethetic Assistant  39.80 (11.13) 10.60 (10.93) 
Scrub Nurse  32.43 (6.07) 5.50 (8.15) 
Circulating Nurse  42.36 (9.60) 8.91 (6.80) 
 
 
4.5.1 Assessor Agreement in OTAS Ratings  
 
Intra-Class Correlation (ICC) between OTAS ratings assigned by myself and the second 
observer (Eva Kassab) were computed to determine agreement in teamwork assessment. 
Across all behaviours, sub-teams, and operative phases, a high, positive and significant ICC 
was obtained between our ratings (ICC=0.71, p<0.01). This indicates very good reliability in 
OTAS assessments.   
 
4.5.1 OTAS Scores 
 
Table 4.2 summarises the mean OTAS scores for each of the five behaviours rated per phase 
(pre-, intra-, post-operative) and per sub-team (surgical, anaesthetic, nursing) across all cases. 
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All behaviours were rated above the OTAS mid-point (3) thus indicating that the observed 
teams typically worked together to a level that enhanced team function and patient safety. 
 
125 
 
Table 4.2 OTAS Ratings Across Sub-Teams and Operative Phases  
 
A-TEAM=Anaesthetic team  N-TEAM=Nursing team S-TEAM=Surgical team 
    
OTAS TEAMWORK BEHAVIOUR MEAN (SD) 
 
   
COMMUNICATION LEADERSHIP 
COOPERATION 
/BACK UP 
BEHAVIOUR 
COORDINATION 
TEAM 
MONITORING/ 
SITUATIONAL 
AWARENESS 
O
P
E
R
A
T
IV
E
 P
H
A
S
E
 
PRE 
A-TEAM 4.15 (0.67) 3.25 (0.64) 4.50 (0.51) 4.90 (0.31) 4.80 (0.41) 
N-TEAM 3.85 (0.67) 3.95 (0.83) 4.70 (0.57) 4.65 (0.93) 4.05 (0.83) 
S-TEAM 4.05 (0.95) 4.00 (0.97) 4.30 (0.66) 4.45 (0.95) 4.25 (0.64) 
INTRA 
A-TEAM 3.45 (0.61) 3.45 (0.61) 4.65 (0.49) 4.20 (0.62) 4.55 (0.76) 
N-TEAM 3.95 (0.69) 3.50 (0.89) 4.40 (0.60) 3.65 (0.93) 3.90 (0.64) 
S-TEAM 3.95 (0.83) 4.40 (0.68) 4.75 (0.64) 4.65 (0.89) 3.50 (0.83) 
POST 
A-TEAM 4.40 (0.75) 4.40 (0.75) 4.60 (0.68) 4.45 (0.76) 4.80 (0.41) 
N-TEAM 3.90 (0.91) 3.10 (0.55) 4.55 (0.61) 4.45 (0.83) 4.10 (0.79) 
S-TEAM 3.45 (0.76) 3.45 (0.89) 4.30 (0.57) 3.95 (0.87) 3.45 (0.61) 
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 In more detail, an ANOVA conducted on sub-team, behaviour and operative phase revealed 
a number of significant findings: 
 
Across phases: OTAS scores differed significantly across operative phases (F(2,44)=6.01, 
P<0.003)  Pre-operative teamwork (Mean=4.26, SD=0.82) was rated higher than both intra-
operative teamwork (Mean=4.06, SD=0.85; P<0.01) and post-operative teamwork 
(Mean=4.10, SD=0.87; P<0.01). 
 
Across sub-teams: OTAS scores differed significantly across sub-teams (F(2,44)=21.19, 
P<0.001). The Anaesthetic sub-team (Mean=4.36, SD=0.75) scored higher on teamwork in 
comparison to the Surgical sub-team (Mean=4.06, SD=0.88; P<0.001) and the Nursing sub-
team (Mean=4.00, SD=0.87; P<0.001). 
 
Across behaviours: OTAS scores differed significantly across behaviours (F(4,44)=36.46, 
P<0.001). Cooperation was rated highest (Mean=4.53, SD=0.60), followed by Coordination 
(Mean=4.37, SD=0.87), Monitoring (Mean=4.16, SD=0.81), Communication (Mean=3.92, 
SD=0.81), and Leadership (Mean=3.72, SD=0.89).  
 
4.5.2 Stress Scores  
 
Stress levels as perceived by each team member and assessed via STAI can be seen in Table 
4.3. Overall all operating theatre team members’ stress scores were low- i.e. near the lower 
end of the scale. 
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Table 4.3 STAI Scores (Mean (SD)) Across Sub-Teams and Operative Phases (min stress=6, max=20) N=20 
 
*N=19 
  
OPERATING THEATRE TEAM MEMBER 
  
Anaesthetist 
Anaesthetic 
Assistant 
Scrub Nurse 
Circulating 
Nurse 
 
Primary 
Operating 
Surgeon 
 
Surgical 
Assistant 
O
P
E
R
A
T
IV
E
 
P
H
A
S
E
 
PRE 9.25 (2.37) 8.25 (2.10) 8.30 (2.45) 9.15 (3.98) 8.95 (3.56) 9.05 (2.73) 
INTRA 8.80 (2.14) 8.00 (1.67) 7.74 (1.94)* 8.80 (2.14)* 9.55 (3.15) 9.35 (2.54) 
POST 8.70 (2.47) 8.45 (2.37) 7.68 (2.54)* 8.00 (3.77)* 7.75 (2.51) 8.75 (2.61) 
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An ANOVA on the above scores revealed no significant differences in stress levels across 
operative phase (F(2,17)=1.42, p=0.24) or across sub-teams (F(5,17)=1.47, p=0.19). These 
findings show that, when averaged, aggregated stress levels were similar during the ‘flow’ of 
a case for all team members.   
 
Figure 4.2-4.4 presents a qualitative analysis at the level of individual team members. The 
figures display the percentage (%) of cases in which members of the team experienced 
(individually) highest and lowest levels of stress pre-operative (Figure 4.2), intra-operatively 
(Figure 4.3), and finally post-operatively (Figure 4.4).  
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Figure 4.2 Pre-Operative Phase: Most and Least Stressed Operating Theatre Team Member 
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Figure 4.3 Intra-Operative Phase: Most and Least Stressed Operating Theatre Team Member 
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Figure 4.4 Post-Operative Phase: Most and Least Stressed Operating Theatre Team Member 
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Pre-operatively, circulating nurses were most likely to experience the highest level of stress – 
presumably because of the flurry of operating theatre preparation for the case. This changed 
intra-operatively, when the surgeon who was assisting in these cases was most likely to be the 
most stressed member of the team (whereas the circulating nurses were now the least likely to 
experience stress). Assistant surgeons were also the most likely stressed team member post-
operatively, when the anaesthetic is reversed and the patient is taken from the operating 
theatre to the recovery room. Interestingly, scrub nurses were the least likely members to 
report high stress levels pre-operatively, as well as post-operatively. Anaesthetists and their 
assistants did not feature in either of the two extremes (lowest or highest) regarding their 
stress levels.   
 
4.6 Discussion 
 
This study aimed to explore whether differences in teamwork and stress experienced were 
present across sub-teams (surgeons, anaesthetists, and nurses) and operative phases (pre-, 
intra-, and post-operatively; Question 1). Teamwork was assessed in real-time, using the 
validated OTAS tool. Stress was captured via the self-report short-form STAI tool, part of the 
validated ISAT stress assessment system. Moreover, this study aimed to explore the 
feasibility of concurrent assessment of teamwork and stress levels in operating theatres 
(Question 2). The study demonstrates that such an assessment is feasible.   
 
4.6.1 Key Findings  
 
From a teamwork perspective, in the observed cases teamwork was overall at a good level 
(i.e., mostly averaging above 4 on the 0-6 point scale and certainly above the scale midpoint, 
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which indicates that teamwork neither hindered nor enhanced team functioning or patient 
safety) but scope for improvement was evident. Higher team scores were obtained pre-
operatively than in subsequent phases of the procedure, and also higher ratings were obtained 
by anaesthetic sub-teams compared to surgical and nursing sub-teams. Of the five behaviours 
assessed, leadership scores were lowest. Given that the procedures studied were elective, this 
finding is perhaps not surprising; elective procedures are usually planned and routine in 
nature thus minimising the necessity and opportunity for explicit, observable leadership.  
From a stress perspective, stress levels were overall low and comparable across sub-teams 
and operative phases – which again is likely attributable to the fact that the cases were 
elective and of relatively low technical difficulty.  
 
The qualitative and quantitative findings of this study reveal a complex picture for teamwork 
and stress in the operating. Whereas analyses in which stress levels were aggregated did not 
reveal differences, a more detailed qualitative analysis revealed different members of the 
operating team were likely to be most and least stressed during the flow of a case. Circulating 
staff pre-operatively and the assistant surgeon intra- and post-operatively were most likely to 
report highest levels of stress. Anaesthetists and their assistants (either trainee anaesthetist or 
ODP) consistently reported stress levels that were not near the extremes (i.e., either lowest or 
highest). These findings are consistent with the current consensus in the stress literature, 
which suggests that stressors can be both extrinsic (i.e., observable) and intrinsic and that 
similar external events can trigger stress in some individuals but not in others.  
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4.6.2 Managing Stress in the Operating Theatre 
 
From the prism of a ‘shared mental model’ in the operating theatre, these findings show that 
such ‘sharedness’ of perceptions of stressful events cannot be taken for granted. Different 
team members are likely to find different phases of a procedure particularly stressful. This is 
in part to be expected, as the roles across the operating theatre team members are distinct: 
circulating nurses are not surprisingly stressed pre-operatively, as this is the time to prepare 
for a number of eventualities during the case, collect equipment and provisions and get the 
operating theatre ready so the flow of cases through the list is not interrupted. Equally, lack of 
expertise in the assistant surgeon, paired with the fact that s/he is “exposed” to a senior 
colleague as well as to the rest of the operating theatre team are not unlikely to trigger stress 
that will eventually be dealt with as the surgical assistant acquires expertise and thus 
confidence. Although such fluctuations are perhaps inevitable to some degree, it is important 
that operating theatre teams are actually aware of them, so that teamwork and specifically 
cooperation and back up behaviours are provided as needed and interpersonal friction is not 
added to the list of stressors that individual team members are faced with. Although this may 
sound simple, current evidence shows that it is not always the case, as misunderstandings 
about each other’s role do occur in operating theatres, [48] and interpersonal ‘territorial’ 
behaviours can increase rather than decrease stress levels among team members. [174] The 
results of the present research, coupled with existing findings of stressors that are commonly 
experienced in the operating theatre [170] could be used to inform the development of stress 
management training programmes specifically for operating theatre teams.  
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4.6.3 Limitations 
 
This study is not without limitations. First, and perhaps foremost, the study was carried out in 
the context of elective procedures of relatively low degree of difficulty. As a result, the levels 
of stress that were observed were low (in fact, lack of sufficient variability in these scores 
precluded a robust correlational analysis between stress and teamwork scores). This study 
should be viewed as a robust test of the feasibility of such a scientific endeavour, with the 
aim to provide “proof of concept”. This has now been achieved. Studying stress and 
teamwork in emergency cases or in cases of higher complexity will overcome some of these 
technical issues. Importantly, however, this study highlights a number of issues that need to 
be considered in such research. A second potential limitation of the study is that two 
researchers were present during each case (one to carry out the observations, and one to 
administer the self-report forms) making this approach rather resource intensive. Moreover, 
presence of the observers could have affected behaviour in the studied operating theatres. 
This is an inherent limitation of any observational study. In the present study, care was taken 
to introduce the observers to the operating theatre environment before the study started, so 
that their presence did not constitute a noticeable novelty during the study. In addition, the 
study took place in a teaching hospital, in which observers in the operating theatre are not 
uncommon. As a final limitation, it is plausible that operating theatre team members under-
reported the level of stress that they experienced. As highlighted in the introduction of this 
chapter, previous research has highlighted reluctance of the surgical community to openly 
acknowledge stress due to the fact that stress being perceived as sign of failure and weakness. 
[168] Although using objective physiological/biochemical measures of stress (e.g., heart rate, 
salivary cortisol) may have overcome this, and has been demonstrated to be feasible in past 
research to assess stress in surgeons (only) [140] it would have proved highly impractical and 
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very intrusive to obtain all these measurements from all team members in a busy surgical 
setting. 
 
4.6.4 Future Research 
 
The present research describes a feasible and practical method which allows for the effects of 
stress on teamwork and performance in the operating theatre to be empirically investigated. 
Future research should use this approach to establish the impact of stress, not only on team 
performance but also on technical performance and clinical outcomes. This is important as 
effective teamwork is fundamental to patient safety. [56] It is plausible that stress could 
mediate the relationship between teamwork and technical performance and clinical outcomes. 
Scientifically robust and clinically relevant understanding of the effects of stress on team 
performance in the operating theatre is fundamental to the systematic development of 
interventions designed to decrease the negative impact of stress on surgical performance.   
 
4.7 Conclusion 
 
The present study describes a feasible method for concurrently assessing stress and teamwork 
in the operating theatre, which reveals differences across team members’ stress as surgery 
unfolds. This methodology can be utilised to increase our understanding of the effects of 
stress on team performance in the operating theatre. This chapter thus focused on increasing 
our understanding of a key factor that facilitates or impedes performance in the operating 
theatre (namely, stress). As with any study that seeks to measure the effectiveness of 
teamwork, and similarly studies that aim to increase our understanding of team performance-
shaping factors in the operating theatre, the quality of such research is very much dependent 
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on the psychometric robustness of the assessment tool utilised. The focus of the next chapter 
is on the importance of using psychometrically robust assessment tools and presents a formal 
content validation of OTAS.  
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5 OBSERVATIONAL TEAMWORK ASSESSMENT FOR 
SURGERY (OTAS): FORMAL CONTENT VALIDATION 
AND TOOL REFINEMENT 
 
5.1 Chapter Overview 
 
This chapter builds upon the importance of using psychometrically robust (i.e. valid and 
reliable) assessment tools to capture non-technical and team skills highlighted in Chapters 2 
and 3. This chapter presents the assessment of the content validity and refinement of the 
exemplar behaviours of the Observational Teamwork Assessment for Surgery (OTAS) tool.  
OTAS has already been introduced in detail (Chapter 2)-hence here I describe the aspect of 
the tool that was the focus of the research: the exemplar behaviours used to facilitate the 
scoring.  The multi-phased, multi-method methodology used in this empirical study is 
presented. Results are presented in relation to the observability and inter-observer agreement 
of the presence/absence of exemplar teamwork behaviours, followed by exemplar validation 
and refinement via expert consensus. Key findings and a discussion of the implications for 
the training and assessment of teamwork are presented. 
 
5.2 Introduction 
 
Teamwork in the operating theatre is emerging as a key factor contributing to safe surgery. 
[57-59]   As highlighted in Chapter 2, the ability to robustly assess the team skills of 
operating theatre teams is a prerequisite to integrating teamwork into training and work-place 
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based assessment. Specifically, teamwork assessment provides a means of structuring 
feedback provided to trainees, identifying and prioritising training needs, determining the 
effectiveness of training interventions and evaluating skills in a formal manner. [12] 
Following the detailed description of the OTAS tool in Chapter 2, the following section 
provides a more detailed summary of the exemplar behaviours of OTAS, which are the focus 
of the present Chapter.  
 
5.2.1 OTAS Exemplar Behaviours  
 
To guide ratings, ‘exemplar behaviours’ are used (‘exemplars’ hereafter). These are key 
observable behaviours that indicate exemplary teamwork and are associated with effective, 
safe surgical practice. These exemplars act as ‘behavioural markers’, developed to allow the 
assessor to anticipate behaviours that are expected within a behaviour/phase/sub-team. In 
total, OTAS consists of 130 exemplar behaviours (a full list of the exemplar behaviours is 
presented in Table 5.3). An example of a communication exemplar for surgeons is “asks team 
if all prepared to begin the operation”. Consistent presence of these exemplar behaviours 
allows an observer to rate highly the quality of communication in an operating theatre team. 
In contrast, if these exemplars are not observed or are carried out in an inconsistent manner 
the rating for the quality of team communication is likely to be lower. These exemplars are 
designed to be used in conjunction with the descriptive rating anchors (detailed above) to 
assist scoring. Final behavioural ratings should be determined by the assessor’s overall 
assessment of team performance, rather than purely being driven by the presence/absence of 
exemplar behaviours. In summary, these behaviours are aimed to guide behavioural ratings 
rather than function as a ‘checklist’. 
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These exemplars were originally derived from ethnographic field-notes following OTAS 
utilization in operating theatres, existing literature and best practice guidelines and 
documentation for operating theatres, as well as input from expert operating theatre personnel 
who took part in the tool development process. Although the derivation of these exemplars 
would suggest that they are indeed valid for team skill assessment in the operating theatre, to 
date this remains to be formally established. 
 
5.3 Aims 
 
The aim of the present study was to assess quantitatively the content validity of these 
exemplars via a phased, multi-method investigation. Content validity is defined as ‘the 
degree to which elements of an assessment instrument are relevant to and representative of 
the targeted construct for a particular assessment purpose.’ (p. 238) [175] In order for OTAS 
to be content-valid, the exemplars should be observable in the operating theatre, and blinded 
observers should agree that these exemplars have or have not occurred during a case. 
Moreover, the exemplars should be empirically demonstrated to capture comprehensively the 
range of behaviours likely to occur within an operating theatre. In the present study, 
observability of the exemplars was first assessed via quantitative real time operating theatre 
observation. Second, inter-observer agreement between two blinded observers in capturing 
these exemplar behaviours was assessed. Thirdly, exemplars in need of further refinement 
were submitted to a process of refinement via expert consensus. The following hypotheses 
were tested:  
 
Hypothesis 1 (H1):  Blinded observers will demonstrate sizeable and significant inter-
observer agreement as to whether an exemplar is present/absent during a case  
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Hypothesis 2 (H2): Exemplars will exhibit sizeable content validity as assessed via expert 
consensus. 
 
5.4 Methods  
 
A two-phase approach was used. Phase 1 was an observational study that assessed exemplar 
observability and inter-observer agreement (H1). Phase 2 involved an expert consensus 
process to refine and further validate exemplars (H2).  
 
5.4.1 Phase 1: Exemplar Observability in the Operating Theatre 
 
5.4.1.1 Design and case sample 
 
This was a prospective, cross-sectional, observational study. Two blinded observers, with a 
background in psychology (myself and Eva Kassab) recorded the presence/absence of 
exemplars during surgery in real time and scored the five OTAS behaviours (communication, 
leadership, cooperation/back up behaviour, coordination, and team monitoring/situational 
awareness). Both myself and EK were previously trained and calibrated in using OTAS 
(having carried out 70 case observations each in real and simulated operating theatres at the 
time of the study). Observations were carried out in real time in operating theatres of a 
London teaching hospital. Data were collected from 30 general surgical procedures (14 open, 
16 laparoscopic) that lasted between 30-240 minutes. Typical procedures included 
laparoscopic cholecystectomies and open/laparoscopic hernia repairs. Ethical approval and 
informed consent was obtained prior to data collection. 
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5.4.1.2 Procedure 
 
The two observers were provided with the 130 OTAS exemplars in the form of a list. These 
covered the five OTAS behaviours, the three sub-teams (surgeons, nurses, anaesthetists), and 
the three operative phases (pre-, intra-, postoperative). Each exemplar was rated as 
‘observed’, ‘not observed’, or ‘not applicable’ to the case. In addition to checking the 
presence/absence of each exemplar, the observers also rated the five OTAS behaviours. 
Observers were blinded to each other’s observations throughout the data collection. Both 
observers were positioned to ensure that all operating theatre team members were visible at 
all times during the procedure without obstructing the teams. 
 
5.4.1.3 Statistical Analyses 
 
Upon completion of the data collection, data from both observers were compiled and 
submitted to statistical analyses. Data were submitted to correlational analysis (intra-class 
correlation coefficients) to determine direction and strength of relationship between the 
observers’ scores for each of the five behaviours and also for the OTAS total score.  
 
Frequency analyses were carried out to determine exemplar observability and inter-observer 
agreement. For each exemplar, two measures of inter-observer agreement were calculated. 
First, Cohen’s Kappa was calculated. Kappa is a stringent measure of agreement, with values 
that can range from 0 to 1. Higher values indicate better agreement and a value of 0.40 is 
considered the cut-off for moderate agreement. [176] Kappa, however, is affected by the 
incidence of observations, such that if too many behaviours are consistently present or absent, 
this would result in the artificial deflation of its value. [177-180] To accommodate this effect 
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(as there is no way of knowing exactly how many and which behaviours would actually be 
observed in an operating theatre), a novel approach was taken, consistent with relevant 
recommendations[147]; a second measure of inter-observer agreement was calculated in the 
form of percentage (%) agreement between the two observers (number of agreements for 
each exemplar divided by the total number of cases observed). [181] This metric is not 
affected by incidence of observations and is therefore complementary to Kappa. Using both 
indices, an exemplar was deemed problematic if its Kappa was ≤0.40 and its percentage 
agreement was less than 70%. Although guidelines for joint utilisation of these metrics are 
not available, Kappa levels as described above are reasonably well-established. The 70% cut-
off point was deemed useful as a high-enough but not too stringent criterion for a descriptive 
study of complex behaviours that occur in a complex environment. [180] (Should these 
metrics be used for higher-stakes assessment of team skills these indices would likely be 
higher). 
 
5.4.2 Phase 2: Exemplar Validation and Refinement via Expert Consensus   
 
Phase 1 highlighted a sub-set of exemplars requiring refinement. These were the 
‘problematic’ exemplars that were not commonly observed (not observed in >50% of the 
cases, or ‘not applicable’ in >50% of cases) – and therefore not deemed valid for operating 
theatre observation. The 50% cut off point does not carry statistical implications: it was 
chosen on the basis of the aims of the tool: on the one hand, if a tool is meant to be scored on 
the basis of a certain behaviour, it logically follows that this behaviour should not be ‘not 
applicable’ most of the times – otherwise the aim of scoring is not served. [147] On the other 
hand, if a behaviour is consistently found ‘not observed’ this could be because a team is 
under-performing, or because the behaviour should really be categorised as ‘not applicable’ 
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(i.e., likely not relevant). This distinction was maintained in order to be able to analyse these 
behaviours in detail in the expert consensus process. In addition, exemplars showing low 
inter-observer agreement (see criterion described above) at the end of Phase 1 were also 
submitted to the refinement process via expert consensus. 
 
In the first step of the expert consensus process, 15 operating experts (5 surgeons, 5 nurses, 5 
anaesthetists) were recruited (Consultants/Senior Registrars or Nurse Trainer level: 
Consultant surgeons: 12-15 years post-qualification; Consultant anaesthetist: 15-20+ years; 
Senior Registrar surgeons: 8-10 years; Senior Registrar anaesthetists: 7-10 years; Operating 
Theatre  Nurses: 1-5+ years full-time operating theatre practice). Each expert read all 
‘problematic’ exemplars and rated the degree to which each one contributes positively to 
operating theatre teamwork and patient safety (1-5 scales; 1=not at all, 5=very much). This 
methodology was designed to identify exemplars that required refinement (for clarification 
purposes) and others that warranted removal (because experts deem them irrelevant to 
operating theatre teamwork and/or patient safety). These ratings were subsequently combined 
into a ‘content validity metric’ (CVM): expert ratings for each exemplar’s contribution to 
teamwork (range 1-5) and safety (range 1-5) were summed, so that the CVM could take 
scores between 2 and 10. Higher CVM scores indicate more relevance to teamwork and 
patient safety in the operating theatre – and, therefore, higher content validity for 
observational purposes. In the second step of the expert consensus process, descriptive 
statistics (means, median and minimum/maximum scores) were computed for the CVM of 
each exemplar of Phase 2. Subsequently, exemplars were rank-ordered from lowest to highest 
depending on their CVM score, and low-ranking exemplars were considered for removal by a 
panel of three experts in non-technical skills in surgery (myself (LH): psychologist observer 
of Phase 1; Sonal Arora (SA): surgeon expert in safety in the Operating Theatre; Nick 
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Sevdalis (NS): psychologist original OTAS developer. SA and NS were blinded to outcomes 
of the first step of the process). A definitive cut-off mark for low-ranking exemplars was not 
pre-determined: psychometric guidelines advise against doing so. [147]  
Instead, the panel of the three experts reviewed each exemplar individually – taking into 
account the ranking of the exemplar by the operating theatre experts. This process of 
combining quantitative expert judgment of content validity (i.e., operating theatre  experts’ 
CVM scores) with qualitative review of tool exemplars by expert tool developers (i.e., SA, 
LH, NS) is well-established in the psychometric literature, [147] allows minimisation of bias 
and adequate coverage of the field of interest (here: behaviours in the operating theatre that 
are conducive to teamwork and safety), and is not uncommon in tool development. [147] 
 
5.5 Results  
 
5.5.1 Phase 1  
 
In total, the observability (presence/absence) of 130 exemplars was assessed by two blinded 
observers in 30 general surgical cases. Reliability of OTAS scoring between the two blinded 
observers was analysed first (intra-class correlations). Significant and sizeable correlations 
were obtained for all behaviours: Communication=0.77; Leadership=0.73; Cooperation=0.71; 
Coordination=0.67; Team monitoring=0.64 (all p<0.001). Inter-observer agreement was high 
also when the data were analysed across operating theatre personnel: Surgeons=0.91; 
Anaesthetists=0.91; Nurses=0.87 (all p<0.001). 
 
Inter-observer agreement was high (Kappa ≥0.41 and percentage agreement ≥70%) for 
109/130 exemplars (84%, 95% CI 77-89%). Therefore, 21/130 exemplars (16%, 95% CI 11-
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23%) were identified as problematic. Table 5.3 displays the inter-observer reliability metrics 
(Kappa; % agreement) for all 130 exemplars. Exemplars identified as problematic 
(Kappa≤0.40 and % agreement <70%) are highlighted in boldface.  
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Table 5.3: Inter-Observer Agreement Across OTAS Exemplars
 
(Kappa; % agreement) 
EXEMPLAR BEHAVIOUR 
KAPPA (95% 
Confidence 
Interval) 
LEVEL OF 
AGREEMENT 
PERCENTAGE 
AGREEMENT 
COMMUNICATION 
Pre-Operative 
1. A: Updates theatre manager on any changes to case list 0.76 (± 0.32) Substantial 93.33% 
2. A: Confirms patient details and condition with patient and informs nurse 1.00 (± 0.00) Almost Perfect 100% 
3. A: Verbal communication to theatre team on patient transfer and set-up 0.62 (± 0.28) Substantial 80.00% 
4. N: Scrub Nurse mediates progress of case through proactive communication 0.72 (± 0.25) Substantial 86.67% 
5. N: Confirms patient specific requirements with Anaesthetist and Surgeon 0.73 (± 0.28) Substantial 90.00% 
6. N: Communicate any problems regarding set-up, provisions and staffing to team 0.53 (± 0.23) Moderate 70.00% 
7. S: Changes to operation or case list communicated to all concerned 0.87 (± 0.24) Almost perfect 96.67% 
8. S: Surgeon talks to team and encourages communication from sub-teams 0.63 (± 0.33) Substantial 86.67% 
9. S: Verbal confirmation of procedure and intra-operative requirements 0.66 (± 0.27) Substantial 83.33% 
Intra-Operative 
10. A: Asks surgeons if patient positioning is OK 0.27 (±0.51) Fair 86.67% 
11. A: Provides update on patient condition and anything administered to patient 0.52 (±0.48) Moderate 90.00% 
12. A: Anaesthetist enquires about operation and patient progress 0.76 (±0.31) Substantial 93.33% 
13. N: Scrub Nurse repeats surgeon’s requests, confirming requirements 0.00 (± 0.72) Poor 86.67% 
14. N: Scrub Nurse provides clear and audible requests for provisions to Circulating 
Nurse 
0.35 (±0.57) Fair 90.00% 
15. N: Swabs, needles and instruments count confirmed 1.00 (±0.00) Almost perfect 100% 
16. S: Asks team if all are prepared to begin the operation 0.67 (±0.26) Substantial 83.33% 
17. S: Requests and instructions to team communicated clearly and effectively -0.05 (±0.06) Poor 90.00% 
18. S: Provides information to whole team on progress 0.61 (±0.40) Substantial 90.00% 
19. S: Surgeon informs the team of technical difficulties and/or change of plan 0.22 (±0.29) Fair 50.00% 
Post-Operative 
20. A: Anaesthetist instructs team on patient transfer to trolley 1.00 (± 0.00) Almost perfect 100% 
21. A: Asks team if ready to transfer patient and instructs on process 0.71 (± 0.30) Substantial 90.00% 
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22. A: Information on patient condition and drugs provided to recovery nurse 1.00 (± 0.00) Almost perfect 100% 
23. N: Provides information concerning surgical procedure and patient condition to 
recovery nurse 
0.72 (±0.24) Substantial 90.00% 
24. N: Recovery nurse confirms information transferred from theatre team 0.30 (± 0.22) Fair 60.00% 
25. N: Ensures that patient documents are with patient in recovery 0.67 (± 0.35) Substantial 90.00% 
26. S: Informs and instructs team on any new patient requirements 0.61 (± 0.30) Substantial 83.33% 
27. S: Comments on work done in this case 0.50 (± 0.33) Moderate 80.00% 
COOPERATION 
Pre-Operative 
28. A: Operating Department Practitioner provides assistance to Anaesthetist 0.00 (± 0.72) Poor 96.67% 
29. A: Anaesthetic-group provide timely information on request from Nurse-group 0.49 (± 0.25) Moderate 66.67% 
30. A: Respond to requests from Surgical-group concerning results or condition of 
patient 
0.41 (± 0.26) Moderate 63.33% 
31. N: Cooperate with any last minute requests from Surgical-group 0.34 (± 0.40) Fair 76.67% 
32. N: Provide support and assistance to Anaesthetic-group when needed 0.78 (± 0.41) Substantial 96.67% 
33. N: Help surgeons with gowns and dress patient in preparation for operation 0.71 (± 0.37) Substantial 93.33% 
34. S: Respond to questions and requests from Nursing-group 0.32 (± 0.27) Fair 56.67% 
35. S: Respond to questions and requests from Anaesthetic-group 0.42 (± 0.27) Moderate 66.67% 
36. S: Provide assistance in patient set-up 0.00 (± 0.72) Poor 93.33% 
             Intra-Operative 
37. A: Anaesthetic-group responds to Surgical-group requests immediately 0.89 (±0.21) Almost perfect 96.67% 
38. A: Anaesthetic-group provides team with information requested 0.53 (±0.32) Moderate 80.00% 
39. A: Operating Department Practitioner acts on requests and inquiry from team 0.58 (±0.28) Moderate 80.00% 
40. A: Operating Department Practitioner proactive and provides support when needed 0.57 (±0.33) Moderate 86.67% 
41. N: Scrub Nurse responds effectively to requests from Surgical-group and provides 
smooth exchange of instruments 
1.00 (±0.00) Almost perfect 96.67% 
42. N: Circulating Nurse responds to instructions and requests from Scrub Nurse 0.00 (± 0.72) Poor 96.67% 
43. N: Scrub Nurse supports and compensates for inexperience of Circulating 
Nurse or unfamiliarity with the environment of agency staff 
0.31 (±0.33) Fair 63.33% 
44. S: Reacts positively to questions and requests from Nursing-group 0.20  (±0.35) Slight 60.00% 
45. S: Responds to requests or questions from Anaesthetic-group 0.62 (±0.29) Substantial 83.33% 
 46. S: Helps with smooth instrument exchange with Scrub Nurse 0.44 (±0.42) Moderate 86.21% N=29 
47. S: Supports Surgical-group assistants and compensates for lack of experience 0.27 (±0.51) Fair 86.67% 
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Post-Operative 
48. A: Operating Department Practitioner provides support and responds to Anaesthetic-
group requests during anaesthetic reversal 
0.86 (±0.18) Almost perfect 93.33% 
49. A: Operating Department Practitioner responds well to requests from the team 0.62 (±0.26) Substantial 83.33% 
50. A: Anaesthetic-group responds effectively to questions from others 0.22 (±0.39) Fair 76.67% 
51. N: Circulating Nurse and Scrub Nurse cooperate in dismantling equipment and 
clearing theatre 
0.00 (± 0.72) Poor 96.67% 
52. N: Acknowledge requests from Surgical-group 0.13 (±0.25) Slight 43.33% 
53. N: Recovery nurse responds to patient entry and to theatre team instruction 0.28 (±0.52) Fair 86.67% 
54. S: Surgical-group remains to help with safe patient transfer to trolley 0.79 (±0.28) Substantial 93.33% 
55. S: Surgical-group ensures documentation is up-to-date and transferred with the 
patient 
0.00 (± 0.72) Poor 90.00% 
COORDINATION 
Pre-Operative 
56. A: Consultant Anaesthetist present to supervise Anaesthetic trainee during 
anaesthetic process 
0.00 (±0.72) Poor 80.00% 
57. A: Operating Department Practitioner and Anaesthetist present when patient enters 1.00 (±0.00) Almost perfect 96.67% 
58. A: The Operating Department Practitioner  prepares the drugs and hands the 
equipment to the Anaesthetist in a timely fashion for anaesthesia to progress in a 
smoothly and co-ordinated manner 
0.57 (±0.42) Moderate 93.33% 
59. N: Nursing-group prepare trolley and theatre in readiness for operation 100% agreement* Not computable 100% 
60. N: Scrub Nurse prepared for operation waiting in prep room to maintain sterility 0.58 (±0.33) Moderate 83.33% 
61. N: Nursing-group arrange stack appropriately for laparoscopic operation 0.80 (±0.21) Substantial 90.00% 
62. N: Final arrangements of equipment and provision 100% agreement* Not computable 100% 
63. S: Surgeons arrive in preparation for patient entry to theatre and set-up 0.79 (±0.27) Substantial 93.33% 
64. S: Final assessments of patient and equipment made before scrubbing 0.78 (±0.41) Substantial 96.67% 
65. S: Surgeons scrubs while nurses and A-group complete patient set-up 100% agreement* Not computable 100% 
Intra-Operative 
66. A: Ready for operation when surgeons are ready to operate 100% agreement* Not computable 100% 
67. A: Anaesthetic-group ensures all provisions at hand 0.08 (±0.58) Slight 71.43% N=28 
68. A: Information provided about changes in patient condition as they occur 0.13 (±0.14) Slight 33.33% 
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69. N: Circulating Nurses proactive in checking Scrub Nurse provisions prepared 
and ready during operation 
 0.10  (±0.34) Slight 56.67% 
70. N: Scrub Nurse anticipates Surgeon requirements for instruments 0.49 (±0.30) Moderate 75.86% N=29 
71. N: Circulating Nurse is always present to provide backup to Scrub Nurse 0.63 (±0.47) Substantial 93.33% 
72. S: Gives prior notification of requirements to Scrub Nurse to enhance timing of 
instrument exchange 
0.20 (±0.41) Slight 66.67% 
73. S: Surgeons co-ordinate use of equipment, such as camera in MAS providing 
adequate view of operating field. 
0.06 (±0.49) Slight 70.00% 
74. S: Contributes to smooth exchange of instruments and provisions with Scrub Nurse 0.38 (±0.46) Fair 82.76% N=29 
Post-Operative 
75. A: Lines and patient set-up on trolley checked before transport 100% agreement* Not computable 100% 
76. A: Operating Department Practitioner  available to assist Anaesthetist in transfer of 
patient to trolley 
0.77 (±0.21) Substantial 90.00% 
77. N: Immediate dismantle and removal of instruments and equipment before patient 
exit 
0.00 (± 0.72) Poor 96.67% 
78. N: Recovery Nurse prepared for patient transfer and set-up in recovery 0.89 (±0.21) Almost perfect 96.67% 
79. S: Surgical assistants remain to help on patient transfer to trolley 0.71 (±0.31) Substantial 90.00% 
LEADERSHIP 
Pre-Operative 
80. A: Take lead on transfer of patient to operating table and set-up 0.00 (±0.72) Poor 96.67% 
81. A: Questions asked about drugs and antibiotics to Surgeon 0.64 (±0.31) Substantial 86.67% 
82. A: Lead Anaesthetist provides instruction and explanation to staff about drug 
requirements 
0.28
 
(±0.44) Fair 80.00% 
83. N: Take lead in response to case list changes 0.75 (±0.30) Substantial 93.33% 
84. N: Nursing team provides instruction and explanation to staff 0.05 (±0.43) Slight 50.00% 
85. S: Take lead to instruct team on consequences of change to operation 0.63 (±0.29) Substantial 90.00% 
86. S: Enquiry into any problems encountered by Nursing and Anaesthetic sub-teams 0.64 (±0.32) Substantial 86.67% 
87. S: Provide confirmation with nursing team for specific surgical requirements 0.61 (±0.27) Substantial 80.00% 
             Intra-Operative 
88. A: Advises team on best management for patient 0.53 (±0.23) Moderate 90.00% 
89. A: Lead A instructs ODP and team on crisis contingency plans 0.64 (±0.45) Substantial 93.33% 
90. A: Supervision provided for staff lacking familiarity with tasks or equipment 0.25 (±0.28) Fair 56.67% 
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91. N: Informs S &/or A of any concerns in procedure or equipment 0.10 (±0.33) Slight 60.00% 
92. N: Assertive in controlling noise and distractions in theatre 0.66 (±0.32) Substantial 86.67% 
93. N: Supervision provided for staff lacking familiarity with tasks or equipment 0.24 (±0.28) Fair 56.67% 
94. S: Instructions and explanations provided to assistants 0.57 (±0.42) Moderate 93.33% 
95. S: Advises Anaesthetist if unfamiliar with operative technique (e.g., tube 
insertion) to call for senior help. 
0.02 (±0.04) Slight 23.33% 
96. S: Supervision provided for staff lacking familiarity with tasks or equipment 0.51 (±0.36) Moderate 86.67% 
Post-Operative 
97. A: Anaesthetist takes lead on anaesthesia reversal and manoeuvring of patient 0.00 (± 0.72) Poor 96.67% 
98. A: Anaesthetist ensures sufficient staff remain to help transfer patient safely 0.00 (± 0.72) Poor 96.67% 
99. A: Operating Department Practitioner proactive in supporting Anaesthetist 0.76 (± 0.24) Substantial 90.00% 
      100. N: Questions asked of surgeons with regard to any special requirements for                    
…………   patient 
0.43 (± 0.46) Moderate 86.67% 
101.  N: Summarises plans for next case 0.82 (± 0.23) Almost perfect 93.33% 
102. S: Instructions provided to team on any postoperative requirements for patient 0.72 (±0.36) Substantial 93.33% 
103.  S: Provides explanation regarding the next case  0.47 (±0.37) Moderate 83.33% 
TEAM MONITORING 
Pre-Operative 
104.  A: Check correct patient and procedure 0.72 (±0.25) Substantial 93.33% 
105.  A: Monitor any changes to operation and drug requirements 0.31 (±0.30) Fair 63.33% 
106.  A: Check condition of equipment, gases and provisions 0.00 (±0.72) Poor 90.00% 
107.  A: Check patient is comfortable and stable on set-up 100% agreement* Not computable 100% 
108.  N: Monitor changes to case-list 0.84 (±0.30) Almost perfect 96.67% 
109.  N: Monitor progress of anaesthesia 0.37 (±0.33) Fair 66.67% 
110.  N: Check that patient is comfortable and heating blanket etc. fitted -0.05 (±0.08) Poor 86.67% 
111.  N: Monitor surgeon’s availability 0.17 (±0.34) Slight 63.33% 
112.  S: Monitor final stages of patient and equipment set-up 0.65 (±0.63) Substantial 96.67% 
113.  S: Reassess set-up and intra-op requirements in advance 0.55 (±0.29) Moderate 80.00% 
114.  S: Monitor progress of anaesthesia 0.35 (±0.30) Fair 70.00% 
Intra-Operative 
115.  A: Checks and refines set-up 100% agreement* Not computable 100% 
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116.  A: Maintains monitoring of patient condition, blood loss and of surgical progress 100% agreement* Not computable 100% 
117.  A: ODP monitors requirements of drugs for anaesthetist 0.46 (±0.31) Moderate 72.41%N=29 
118.  N: Final checks on equipment and diathermy connections -0.03 (±0.05) Poor 93.33% 
119.  N: Scrub Nurse observes procedure closely 1.00 (±0.00) Almost perfect 100% 
120.  N: Circulating Nurse observes procedure and monitors the needs of the Scrub 
Nurse 
0.27(±0.34) Fair 63.33% 
121.  S: Check table positioning and positions of team members 0.00 (± 0.72) Poor 56.67% 
122.  S: Assistants monitor direction of light 0.08 (±0.27) Slight 46.67% 
123.  S: Checks team condition 0.53 (±0.45) Moderate 89.66% N=29 
124.  S: Aware of patient condition including anaesthesia 0.07 (±0.37) Slight 65.52% N=29 
Post-Operative 
125.  A: Monitors patient condition upon transfer to trolley 0.00 (± 0.72) Poor 96.67% 
126.  A: Check that lines and patient set-up are correct for transport 100% agreement* Not computable 100% 
127.  N: Monitor patient’s positioning on transfer to trolley 0.65 (0.63) Substantial 96.67% 
128.  N: Monitor handling of specimens and their labelling 0.69 (0.22) Substantial 83.33% 
129.  S: Monitors patient transfer to trolley and exit 0.45 (0.36) Moderate 80.00% 
130.  S: Monitor labelling of specimens 0.66 (0.24) Substantial 80.00% 
 
Note: A= Anaesthetists, N= Nurses, S= Surgeons 
*Kappa not computable because inter-observer agreement for these behaviours was perfect (i.e., 100%). The following guidelines 
were used to provide a descriptive indication of the degree of inter-observer agreement using Kappa: [176] 
 Kappa of 0.01="poor" agreement  
 Kappa’s from 0.01 to 0.20="slight" agreement  
 Kappa’s from 0.21 to 0.40="fair" agreement 
 Kappa’s from 0.41 to 0.60="moderate" agreement  
 Kappa’s from 0.61 to 0.80="substantial" agreement  
 Kappa’s from 0.81 to 1.00="almost perfect" agreement  
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Table 5.4 provides a summary of the inter-observer agreement metrics for exemplars across 
the five behaviours captured by OTAS.  
 
Table 5.4: Inter-Observer Agreement Classification
 
(Kappa; % agreement) Across 
OTAS Behaviours 
  
KAPPA 
ABSOLUTE 
FREQUENCY 
MEDIAN % 
AGREEMENT 
O
T
A
S
 B
E
H
A
V
IO
U
R
 
COMMUNICATION 
Poor 2 88.34 
Slight 0 n/a 
Fair 4 73.35 
Moderate 3 80.00 
Substantial 13 90.00 
Almost perfect 5 100.00 
Exemplars (N)=27    
LEADERSHIP 
Poor 3 96.67 
Slight 3 50.00 
Fair 3 56.67 
Moderate 5 86.67 
Substantial 9 90.00 
Almost perfect 1 93.33 
Exemplars (N)=24    
COORDINATION 
Poor 2 88.34 
Slight 5 66.67 
Fair 1 82.76 
Moderate 3 83.33 
Substantial 6 91.67 
Almost perfect 2 96.67 
Not computable* 5 100.00 
Exemplars (N)=24    
COOPERATION 
Poor 5 96.67 
Slight 2 51.67 
Fair 6 76.67 
Moderate 7 80.00 
Substantial 5 93.33 
Almost perfect 3 96.67 
Exemplars (N)=28    
TEAM MONITORING 
Poor 5 90.00 
Slight 3 63.33 
Fair 4 65.00 
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Moderate 4 80.00 
Substantial 5 93.33 
Almost perfect 2 98.35 
Not computable* 4 100.00 
Exemplars (N)=27    
Grand Total (N)=130    
 
Note: *Kappa not computable because inter-observer agreement for these behaviours was 
perfect (i.e. 100%).  
 
5.5.2 Phase 2  
 
Application of the agreement criteria (Kappa≤0.40, % agreement <70%) identified 21/130 
exemplars (16%, 95% CI 11-23%) in need of further refinement. Application of the 
observability criteria (not observed in >50% of the cases, or ‘not applicable’ in >50% of 
cases) identified an additional 30 exemplars in need of further refinement. A further five new 
exemplars, identified by the two observers during Phase 1 as notably contributing to 
operating theatre teamwork were also included. Thus in total 56 exemplars were submitted to 
the expert consensus process of Phase 2. 
  
Average Content Validity Metric (CVM) scores were high (Mean=8.31, Standard 
Deviation=1.66), demonstrating that even the exemplars requiring elaboration following 
Phase 1 were judged as relevant to the tool by the operating theatre experts. This positive 
finding is not altogether surprising, given that the original OTAS exemplars were based on 
real time operating theatre observation and expert input. [60] Tables 5.5, 5.6, and 5.7 display 
the CVM scores of pre-, intra-, and post-operative exemplars, respectively.  
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Table 5.5: Pre-Operative Exemplar Behaviour Content Validation Metric (CVM; scale: 2-10) 
EXEMPLAR BEHAVIOUR 
MEAN 
CONTENT 
VALIDATION 
METRIC 
MEDIAN 
CONTENT 
VALIDATION 
METRIC 
 
RANGE (min-
max) 
 
 
 
COMMUNICATION 
A: Verbal communication to theatre team on patient transfer and set-up 8.53 9.00 5-10 
A: Updates theatre manager on any changes to case list 7.86 8.00 4-10 
N: Scrub Nurse mediates progress of case through proactive communication 7.71 8.00 4-10 
N: Confirms patient specific requirements with Anaesthetist and Surgeon 9.33 10.00 8-10 
N: Communicate any problems regarding set-up, provisions and staffing to team 9.36 10.00 8-10 
S: Surgeon talks to team and encourages communication from sub-teams 9.00 9.00 7-10 
S: Changes to operation or case list communicated to all concerned 9.00 9.00 7-10 
COOPERATION 
S: Respond to questions and requests from Nursing-group 8.40  8.00 5-10 
LEADERSHIP 
A: Questions asked about drugs and antibiotics to Surgeon 8.60  9.00 6-10 
A: Lead Anaesthetist provides instruction and explanation to staff about drug 
requirements 
8.33 8.00 6-10 
N: Take lead in response to case list changes 7.93  8.00 5-10 
N: Nursing team provides instruction and explanation to staff 7.20  8.00 4-10 
S: Enquiry into any problems encountered by Nursing and Anaesthetic sub-teams 8.07  8.00 5-10 
S: Take lead to instruct team on consequences of change to operation 8.53  9.00 4-10 
TEAM MONITORING 
N: Monitor changes to case-list 7.69  8.00 3-10 
N: Monitor progress of anaesthesia 6.20  6.00 2-10 
N: Monitor surgeon’s availability 7.69  8.00 3-10 
N: *Monitor surgeon’s availability, proactive in ensuring surgeons are present 
for patient entry 
7.31  8.00 4-10 
A: Monitor any changes to operation and drug requirements 8.80  9.00 7-10 
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Table 5.6: Intra-Operative Exemplar Behaviour Content Validation Metric (CVM; scale: 2-10) 
EXEMPLAR BEHAVIOUR 
MEAM 
CONTENT 
VALIDATION 
METRIC 
MEDIAN 
CONTENT 
VALIDATION 
METRIC 
RANGE 
(min-max) 
 
COMMUNICATION 
A: Asks surgeons if patient positioning is OK 8.67 8.00 7-10 
A: Provides update on patient condition and anything administered to patient 8.27 9.00 4-10 
A: Anaesthetist enquires about operation and patient progress 8.80 8.00 8-10 
N: Scrub Nurse repeats surgeon’s requests, confirming requirements 7.87 8.00 2-10 
N: *Scrub Nurse acknowledges and confirms surgeon’s requests through verbal or 
non-verbal behaviour (e.g. eye-contact, responding to requests) 
8.33 8.00 7-10 
S: Provides information to whole team on progress 8.53 9.00 4-10 
S: Surgeon informs the team of technical difficulties and/or change of plan 9.33 10.00 8-10 
COOPERATION 
N: Scrub Nurse supports and compensates for inexperience of Circulating Nurse or 
unfamiliarity with the environment of agency staff 
8.67 9.00 6-10 
S: Reacts positively to questions and requests from Nursing-group 8.60 8.00 7-10 
COORDINATION 
A: Information provided about changes in patient condition as they occur 8.53 9.00 2-10 
N: Circulating Nurses proactive in checking Scrub Nurse provisions prepared and ready 
during operation 
8.37 9.00 2-10 
S: Gives prior notification of requirements to Scrub Nurse to enhance timing of 
instrument exchange 
8.93  9.00 7-10 
LEADERSHIP  
A: Advises team on best management for patient 8.30 9.00 3-10 
A: Lead A instructs ODP and team on crisis contingency plans 8.85 9.00 6-10 
A: Supervision provided for staff lacking familiarity with tasks or equipment 9.21 9.50 7-10 
N: Informs S and/or A of any concerns in procedure and or equipment 9.13 10.00 6-10 
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Note: A= Anaesthetists, N= Nurses, S= Surgeons 
*New exemplar behaviour 
N: Assertive in controlling noise and distractions in theatre 7.80 8.00 4-10 
N: Supervision provided for staff lacking familiarity with tasks or equipment 8.20  8.00 6-10 
S: Advises Anaesthetist if unfamiliar with operative technique (e.g., tube insertion) to 
call for senior help 
8.14 9.00 3-10 
S: *Assertive in controlling noise and distractions in theatre 8.20 8.00 6-10 
TEAM MONITORING 
S: Check table positioning and positions of team members 8.00 8.00 2-10 
S: Assistants monitor direction of light 7.26 7.00 2-10 
S: Checks team condition 7.78 8.00 2-10 
S: Aware of patient condition including anaesthesia 8.73 9.00 6-10 
S: *Asks Scrub Nurse if swabs, needles, and instrument count correct 8.87 9.00 7-10 
N: Circulating Nurse observes procedure and monitors the needs of the Scrub Nurse 8.33 8.00 6-10 
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Table 5.7: Post-Operative Exemplar Behaviour Content Validation Metric (CVM; scale: 2-10) 
 
Note: A= Anaesthetists, N= Nurses, S= Surgeons 
*New exemplar behaviour
EXEMPLAR BEHAVIOUR 
MEAN 
CONTENT 
VALIDATION 
METRIC 
MEDIAN 
CONTENT 
VAILDATION 
METRIC 
RANGE 
(min-max) 
COMMUNICATION 
N: Recovery nurse confirms information transferred from theatre team 8.20 8.00 3-10 
N: *Recovery nurse listens carefully to information transferred from theatre 
team 
9.00 9.00 8-10 
S: Informs and instructs team on any new patient requirements 8.93 9.00 7-10 
S: Comments on work done in this case 7.90 8.00 4-10 
COOPERATION 
N: Acknowledge requests from Surgical-group 7.20 8.00 2-10 
LEADERSHIP 
N: Questions asked of surgeons with regard to any special requirements for patient 8.40 8.00 5-10 
N: Summarises plans for next case 7.00 7.00 4-10 
S: Instructions provided to team on any postoperative requirements for patient 8.80 8.00 7-10 
S: Provides explanation regarding the next case  8.47 8.00 6-10 
TEAM MONITORING  
N: Monitor handling of specimens and their labelling 8.00 8.00 4-10 
N: Monitor labelling of specimens 8.29 8.50 4-10 
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Based on their CVM scores, exemplars were ranked and reviewed by the panel of three 
experts (LH, SA, NS) aiming to clarify or remove them. Of the 56 exemplars: 
- Seven remained without further revision.  
- Twenty-three were modified to enhance clarity and applicability. For example, 
‘Surgical team advises anaesthetist if unfamiliar with operative technique (e.g. tube 
insertion) to call for senior help’ was modified to ‘Surgical team advises anaesthetic-team or 
nursing-team to call for additional help if required’.  
- Twenty-one exemplars that were ranked low in terms of CVM score were removed.  
- Finally, five additional exemplars (identified by the two observers during Phase 1 as 
notably contributing to operating theatre teamwork) were included as they received high 
CVM scores and were deemed beneficial by the panel.  Figure 4.1 presents a flow diagram of 
the entire exemplar content validation and refinement process. 
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Figure 5.1: Flow Diagram of Exemplar Content Validation and Refinement Process 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Phase 1: Exemplar observability 
& inter-observer agreement 
130 Exemplar Behaviours Existing OTAS Tool 
Application of inter-observer agreement & 
observability criteria 
51 Exemplars identified as 
problematic 
79 Exemplars identified 
as appropriate 
30 OT Observations 
114 Content valid exemplar behaviours Revised OTAS Tool 
5 additional exemplars 
identified for possible 
inclusion 
56 Exemplars submitted to 
expert consensus 
Phase 2: Exemplar refinement 
& validation via expert consensus 
35 exemplars Remain: 
Removed (n=21) 
Remain without 
modification (n=7) 
Modified (n=23) 
New (n=5) 
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5.6 Discussion  
 
The aim of this multi-method, multi-phase study was to assess the content validity of the 
exemplar behaviours of the Observational Teamwork Assessment for Surgery (OTAS). 
Quantitative real-time observations, analyses of inter-observer agreement, and a two-stage 
expert consensus process were used. A significant proportion of the exemplars were found to 
be observable, with very good inter-observer agreement. Moreover, the majority of the 
exemplars were rated by expert operating theatre practitioners and an expert panel as 
significant contributors to teamwork and patient safety – thus exhibiting a high level of 
content validity. Better validated tools capture underlying skill/performance more accurately, 
thus minimising error and bias in data collection and increasing confidence in the validity of 
the findings. Furthermore, this study also refined the behavioural component of OTAS; 21 
behaviour exemplars were removed due to low content validity; 23 exemplars were modified 
to enhance clarity and to reduce inconsistencies/disagreements in observation and OTAS 
scoring, and a further 5 exemplars were added. Thus OTAS now consists of 114 exemplars. 
Taken together with recent evidence on the construct validity of the tool, these findings 
demonstrate comprehensively that OTAS is a psychometrically robust tool for capturing 
teamwork skills in the operating theatre.  
 
5.6.1 Implications for Assessment 
 
These findings carry implications for the assessment of operating theatre teamwork and non-
technical skills. Assessment of such skills is complex, arguably more so than assessment of 
technical skills, which tend to be more straightforward to observe and rate (e.g. team 
coordination compared to instrument handling). Because of this additional complexity 
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triggered by human behaviour, application of robust scientific principles to the development 
and evaluation of such tools is important if assessment of such skills is to become truly 
evidence-based. Whereas the surge in interest in operating theatre teamwork has brought to 
the foreground the importance of these skills for safe surgery, it has had the downside of tool 
proliferation without adequate validation evidence. A number of tools have been developed 
to assess teamwork in the operating theatre, however as highlighted in Chapter 2 validation 
evidence is limited. As with any assessment tool and with the increasing emphasis of non-
technical skills and teamwork performance in surgery, it is essential that any tool is subjected 
to a continuous and robust validation process. [147, 182] The present study contributes to this 
developing evidence base. 
 
5.6.2 Implications for Training 
 
An intriguing aspect of the findings is that a large proportion of exemplars were frequently 
not observed. For example, surgeons frequently did not verbally instruct the team on any 
post-operative requirements for the patient. In turn, operating theatre nurses did not ask the 
surgeon(s) about any such requirements; and anaesthetists did not update the rest of the 
operating theatre team on any drug(s) administered to the patient during the procedure. The 
fact that these exemplars did not occur (and were thus not observed) does not invalidate 
OTAS. Rather it suggests that there is some room for improvement in terms of some 
‘standard’ communications that perhaps ought to be exchanged between operating theatre 
team members to ensure safe patient care. These findings are not dissimilar to previous 
research that has found lapses in completion of safety-related checks and similar tasks  [63] 
and indicates that operating theatre teamwork is sometimes below ideal standards. Taken 
together, these findings support the notion that effective teamwork is not automatic and that 
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team training and other interventions are likely to improve patient safety in the operating 
theatre. As previously highlighted, the WHO Safe Surgery Checklist [88] which is now 
mandatory for use in operating theatres in the UK,  is one such approach aiming to improve 
communication in the operating theatre and ensure that all team members are aware of patient 
and procedure requirements.  
 
5.6.3 Limitations   
 
The present study is not without limitations. Ideally all 130 exemplars would have been 
subjected to expert content validation. This was not considered feasible as the resultant 
‘questionnaire’ that was designed would have been too long to expect busy clinicians to 
complete. Therefore, it was decided to subject the most ‘problematic’ behaviours (i.e. 
exemplars that were not frequently observed and/or exemplars where disagreements between 
observers classification was apparent). Arguably, exemplars that were frequently observed 
and/or exemplars where agreement of observation classification (i.e. observed, not observed, 
not applicable) between observers was high, may indeed warrant content validation.  The 
findings are based on general surgical procedures only and further validation work should 
replicate these results across a number of surgical specialities. Moreover, due to the complex 
nature of observing and detecting human behaviour, it is plausible that observer bias affected 
the results: different observers could arguably produce slightly different findings. This 
limitation was accounted for; two blinded observers with significant observation expertise 
were employed, their agreement was calculated and was found to be high for a significant 
proportion of exemplars. Future research should explore whether 
inconsistencies/discrepancies in scoring differ to a greater extent between observers from 
different training backgrounds (i.e., psychology vs. surgery). This aspect of the present 
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research has important practical implications: operating theatre teams should be able to use 
OTAS following training, as the availability of psychology/human factors expert observers is 
considerably limited outside research settings. This gap in the evidence based has recently 
been addressed; it is feasible to train both clinical and non-clinical assessors to use OTAS to 
an acceptable degree of reliability with an expert OTAS assessor. [55] The amassment of an 
adequate number of faculty trained to assess non-technical and team skills is further 
addressed in Chapters 7-9 of this Thesis.  
 
The research reported here enhances the usability of the OTAS tool for surgery. Although 
initially developed as a research tool, OTAS has demonstrated strong potential as a valid tool 
for assessing teamwork in real operating theatres. This study has refined and reduced the 
number of observable exemplars an observer ought to look for, thus making the tool easier to 
use. Importantly, the tool is flexible to be used in different ways. At a basic level, operating 
theatre teams can use the exemplars as indices of their team performance without numerical 
scoring. At a more advanced level, operating theatre teams can use the exemplars as well as 
some numerical scoring to self-evaluate how well they think they are performing and identify 
areas for improvement. Because the tool has been subjected to validation, and demonstrated a 
high level of content validity, the exemplars are likely to be of relevance to most teams for 
such teamwork diagnostic exercises. Finally, the tool can be used in formal prospective 
research to quantify team processes and correlate them with clinical processes and ultimately 
patient outcomes. Equally, the tool can be used in team training environments for skills 
assessment and provision of structured, objective feedback on teamwork performance. For 
such high-stakes usage, observers’ expertise and reliability have to be established and 
demonstrated robustly. These technical requirements for OTAS usage are addressed and 
presented in Chapters 7-9.    
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5.7 Conclusion 
 
Content validity is only one desirable characteristic of a team assessment tool for operating 
theatres. During the observational phase of this study it became apparent that the quality of 
teamwork performance fluctuated within the pre-, intra-, and post-operative phases of 
surgery. This is important as weighting team performance over extended periods of time is an 
essential and complex element of the assessment process that the assessor must accomplish in 
order to provide an accurate ‘global’ performance rating. In addition, capturing and 
documenting fluctuations in the quality of team performance is likely to increase our 
understanding of the relationship between teamwork, technical performance and patient 
outcomes. OTAS, or any other similar tool, fails to capture fluctuations in teamwork 
performance over the course of a procedure. To the best of my knowledge, the importance of 
teamwork fluctuations during surgery has yet to be systematically explored. This is 
investigated in the next chapter.   
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6 OBSERVATIONAL TEAMWORK ASSESSMENT FOR 
SURGERY (OTAS) OPERATIVE STAGE TOOL 
MODIFICATION: TEAMWORK IN MULTIPORT VS. 
SINGLE INCISION LAPAROSCOPIC SURGERY   
 
6.1 Chapter Overview  
 
This chapter builds upon the research presented in Chapters 4 and 5. As previously noted, 
robust  assessessment of non-technical and team skills coupled with a better understanding of 
the factors that facilitate or impede these skills is essential in order to improve safety and 
efficiency in the operating theatre  This study aims to address two gaps in the evidence base. 
Firstly, this chapter details the procedure specific modification of the Observation Teamwork 
Assessment for Surgery tool and presents an empirical study exploring the merits of assessing 
teamwork performance at a task specific level. Secondly, the empirical study presented in this 
chapter simulateanously investigates the impact of an innovative surgical technique, single-
incision laparscopic surgery, on intra-operative team performance. 
 
6.2. Introduction 
 
The introduction to this chapter is presented in two sections, mirroring the two gaps in the 
evidence base that the chapter aims to address.  
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6.2.1 Global Non-Technical and Teamwork Assessment: Difficulties and Limitations   
 
Observing and assessing the non-technical and team skills of operating theatre teams is 
critical to improving these safety critical skills. Assessing these skills over extended periods 
of time presents an added dimension of complexity to the assessment process; non-technical 
and team performance are unlikely to remain consistent over extended periods of time, 
variation in performance is inevitable and in turn this poses some difficulties in providing an 
accurate global performance  rating.  The exact cognitive strategies that assessors employ to 
yield global ratings is unclear, however it is likely that assessors use a combination of 
strategies to provide a global judgement of performance including averaging the fluctuations 
in performance and the more complex strategy of mentally weighting the importance and 
contribution of the observed behavioural fluctuations in relation to performance and safety.  
In addition to the cognitive complexities of providing global performance ratings, there are a 
number of common rating errors that also complicate the assessment of non-technical and 
team skills. The rating errors that are particularly likely to affect the accuracy of global 
ratings include the primacy effect-remembering better/over-weighting behaviours that were 
observed first, and the recency effect-remembering better/over-weighting behaviours that 
were observed most recently. In addition, the halo effect (one particular aspect is 
overemphasised and enhances the ratings on other dimensions), and horns effect (one 
particular negative aspect is overemphasised and diminishes the ratings on other dimensions) 
are likely to affect global ratings. Such difficulties and rating errors are not unique to the 
assessment of non-technical and team skills; they apply equally to all forms of assessment 
including the assessment of technical skills.  
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To overcome such difficulties and provide a more detailed assessment of performance a 
number of technical assessment tools have been developed to assess the technical 
performance of surgeons at specific technical stages of an operation.  The above assessment 
limitations notwithstanding, a more detailed assessment non-technical and team performance 
is likely to increase our understanding of the relationship between teamwork performance and 
technical performance and patient outcomes. A more detailed assessment would enable 
researchers to systematically explore whether deficiencies in team performance are more 
likely to occur before, during, or after poor technical performance or coincide with technical 
errors. Furthermore, such assessment would provide an insight into how team performance is 
affected during periods in which technical errors are committed (i.e. how teams respond and 
recover (or fail to recover)) from unplanned events and technical difficulties/complications).  
 
At present, such detailed analyses are simply not possible using the available assessment 
tools. As previously noted, the majority of assessment tools that have been developed to 
capture the social and cognitive skills of operating theatre teams concentrate solely on the 
intra-operative phase of surgery. OTAS is unique in that it distinguishes between the pre-, 
intra-, and post-operative phases of surgery. Whilst this minimises the difficulties associated 
with fluctuations of performance over the course of surgery, even within operative phases of 
surgery these difficulties are still very much real.  
 
6.2.2 Innovative Surgical Techniques and Teamwork in the Operating Theatre 
 
Innovative surgical techniques continuously emerge in surgery. One of the most notable 
advances in the past century has been the evolution of laparoscopy. More recently single-
incision laparoscopic surgery (SILS) has been pioneered and suggested as a feasible and safe 
169 
 
alternative to conventional multiport laparoscopic surgery. [183] The SILS technique entails 
a single excision that is usually concealed within the umbilicus, in comparison to the multiple 
excisions (numbering 3-5) in the anterior lateral abdominal wall involved in standard 
laparoscopic surgery. Many surgical procedures are now successfully done using the SILS 
technique – including gastric banding, [184] nephrectomy, [185] appendectomy, [186, 187] 
and cholecystectomy.[186-189] SILS offers several potential benefits over a standard 
multiport operation as it is less invasive and thus there is reduced post-operative pain in 
specific procedures [190] and improved cosmesis.  
 
Despite enthusiasm from the surgical community and media, as with any innovative surgical 
technique it is important to ensure that no novel complications or risks are associated with 
SILS prior to widespread adoption. At present there remains limited empirical evidence 
quantifying the clinical benefits of SILS. Recently, a clinical review highlighted the pressing 
need for multi-institutional clinical trials of both the short- and long-term outcomes of SILS 
compared to other approaches to establish the hypothesized benefits, and potential 
limitations, of SILS. [191] A recent meta-analysis (based on seven randomised controlled 
trials) comparing SILS versus conventional multiport cholecystectomy (LC) found  no 
significant differences in post-operative complications, post-operative pain score on day of 
surgery, and length of hospital stay. [183] SILS was associated with longer operative time – 
an effect that could be attributed to surgeons’ initial learning curves in SILS (once these 
reach a plateau operative times are comparable with conventional multiport laparoscopic 
surgery). [187, 188] Another recently published systematic review examining the feasibility 
and safety of SILS LCs concluded that whilst the results of SILS LCs appear acceptable, 
caution should be exhibited when using this novel technique in older patients and patient with 
acute cholecystitis. [192] 
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A critical factor, not addressed to date, is the impact that SILS may have on team 
performance in the operating theatre. Considering the increased operative time associated 
with SILS, the novel instrumentation required to perform SILS, and the significant technical 
challenges experienced (early on the learning curve) by the operating surgeons mastering 
SILS, it is plausible that SILS may have an impact on the operating theatre team. Thus 
determining and quantifying the impact of SILS (or any other novel operating technique) on 
how an operating theatre team functions could potentially inform training requirements, not 
simply for the operating surgeon, but for the whole team, and thus enhance safety when 
adopting this innovative and novel technique. 
 
6.3 Aims 
 
1) To test the feasibility of assessing teamwork at specific technical stages of a surgical 
procedure (cholecystectomy) 
2) To explore the pattern and degree of fluctuations in team performance at specific 
procedural stages 
3) To determine whether the choice of laparoscopic technique (conventional multiport 
laparoscopy vs. SILS) has an impact on intra-operative operating theatre team 
performance in laparoscopic cholecystectomies (LCs).  
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6.4 Methods 
 
6.4.1 Design and Participants 
 
This was a prospective, multi-centre, observational study conducted in the operating theatres 
of two teaching hospitals in London, UK. Two Consultant surgeons and their operating teams 
(Surgical Assistant, Anaesthetists, Anaesthetic Assistant (i.e. trainee anaesthetists or 
Operating Department Practitioner (ODP)), Scrub Nurse, and Circulating Nurse) were 
recruited. The two Consultant surgeons were specifically approached because one routinely 
performed LCs using the SILS technique (S1), whereas the other used conventional multiport 
laparoscopy (S2). Data were collected in real time in the operating theatre for 40 laparoscopic 
cholecystectomies; 20 SILS (S1) and 20 conventional multiport LCs (S2).  All cases were 
elective, all patients had an ASA grade of I-II, and all procedures were carried out under 
general anaesthetic. Ethical approval and informed consent were obtained from all operating 
theatre team-members prior to data collection.  
 
6.4.2 Outcome Measures 
 
6.4.2.1 Operating Theatre Team Performance: Procedure Specific OTAS Modification 
 
Team performance was assessed using OTAS. As previously noted, OTAS is a valid (content, 
concurrent, and construct valid) [64, 137] and reliable (inter-rater reliability) [64] team 
assessment tool.  In order to provide a more detailed exploration of team performance during 
the intra-operative phase, separate assessments of operating theatre teamwork were carried 
out for specific technical stages of the LC. Seven core operative stages of a LC were 
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distinguished, based on the Operation Specific Surgical Skills Global Ratings (which assesses 
technical performance in a LC). [193]  The seven core operative stages of a LC are presented 
in Table 6.1. 
 
Table 6.1: Operation-Specific Surgical Skills Global Ratings  
 
 
 OPERATIVE STAGE 
 Stage 1  Stage 2  Stage 3 Stage 4 Stage 5 Stage 6 Stage 7 
S
P
E
C
IF
IC
 T
A
S
K
 
Access & 
Port 
Insertion 
Gallbladder 
retraction 
& exposure 
of Calot’s 
triangle 
Cystic 
Duct 
Dissection 
Cystic 
Duct 
Clipping & 
Transection 
Cystic 
Artery 
Dissection 
Gallbladder 
Fossa 
Dissection 
Extraction 
of 
gallbladder 
 
Note: Stages based on Sarker et al, 2006. [193] 
 
6.4.3 Procedure 
 
I used OTAS in real-time in the operating theatre to assess teamwork in the SILS and 
traditional multiport LCs. I assessed team performance by filling in the entire OTAS form for 
each one of these technical stages – thereby resulting in a comprehensive team assessment of 
105 scores per procedure (5 behaviours x 3 sub-teams x 7 intra-operative stages). To establish 
inter-rater reliability in OTAS scoring, a sub-set of cases (n=5) were assessed by a second, 
blinded observer (Stephanie Russ) with a background in psychology and extensive 
experience in assessing operating theatre teams (500+ cases at the time of the study).  
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6.4.4 Statistical analyses 
 
Statistical analyses were carried out using SPSS v. 18 (SPSS, Inc., Chicago, IL). Descriptive 
statistics (means and standard deviations) were computed for each OTAS behaviour across 
sub-teams (surgeons, anaesthetists, nurses) and the seven intra-operative procedural stages of 
the LCs. Global teamwork scores were calculated by averaging the behavioural ratings. These 
global scores were subsequently submitted to Analysis of Variance (ANOVA) to determine 
statistically significant differences between sub-teams, intra-operative stages, behaviours, and 
operative technique (SILS vs. multiport laparoscopy) on OTAS scores. Post-hoc tests were 
conducted to determine where the differences among the sub-teams, intra-operative stages, 
behaviours and operative technique existed. Inter-rater reliability in OTAS assessments was 
tested via intra-class correlation coefficients. The level of significance was set at p<0.05. 
 
6.6 Results 
 
Inter-Rater Reliability: To determine inter-rater reliability in teamwork assessment, intra-
class correlations between OTAS ratings by myself and the second blinded assessor (SR) 
were calculated. A strong, positive intra-class coefficient was obtained across OTAS scoring 
(ICC=0.80, p<0.001), thus indicating very good reliability. 
 
The following section presents the results in relation to fluctuations in team performance over 
operative stages (i.e. not in relation to specific surgical technique).  
Operative stage: OTAS scores differed significantly across operative stages (F 
(6,4193)=3.78, P<0.002). Figure 6.1 displays the means OTAS scores across each technical 
stage of the procedure.  
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Figure 6.1 Mean OTAS Scores Across Operative Stages of the Procedure 
 
 
 
Post hoc tests (Tukey HSD) revealed that team performance was significantly higher during 
stage 1: Access and Port Insertion in comparison to teamwork performance during Stage 4: 
Cystic duct clipping & transaction, (P=0.004), Stage 5: Cystic artery dissection (p=0.02), and 
Stage 6: Gallbladder fossa dissection (P=0.001). In addition, there was a significant 
interaction between operative stage and operating theatre sub-team on OTAS scores (F(12, 
4179)=6.27, P<0.001). This indicates a complex pattern of results; the impact of operative 
stage on team performance is dependent on the operating theatre sub-team. For example, post 
hoc tests revealed that the surgical sub-teams’ teamwork was significantly better than that of 
the nursing sub-team during stage 1 of the operation (access and port insert); however there 
was no significant difference between the teamwork performance of the surgical sub-team 
and the nursing sub-team during stage 2 of the operation (gallbladder retraction & exposure 
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of calot’s triangle). Table 6.2 displays the descriptive statistics of OTAS scores across 
operative stage and operating theatre sub-teams. 
Table 6.2 Mean OTAS Scores Across Operative Stages and Operating Theatre Sub-
Teams 
 
S=Surgical team, A=Anaesthetic team, N=Nursing team. 
 
 
  SUB-TEAM (Significant 
differences between sub-
team) 
MEAN OTAS 
SCORES (SD) 
O
P
E
R
A
T
IV
E
 S
T
A
G
E
 
Stage1: Access and port insertion Surgical (N) 3.78 (0.66) 
Anaesthetic (N) 3.86 (0.72) 
Nursing (S,A) 3.48 (0.75) 
Stage 2: Gallbladder retraction & 
exposure of Calot’s triangle 
Surgical (A) 3.75 (0.74) 
Anaesthetic (S) 3.55 (0.81) 
Nursing 3.60 (0.76) 
Stage 3: Cystic duct dissection Surgical (A) 3.74 (0.71) 
Anaesthetic (S, N) 3.39 (0.69) 
Nursing (A) 3.65 (0.70) 
Stage 4: Cystic duct clipping and 
transection 
Surgical (A) 3.68 (0.66) 
Anaesthetic (S, N) 3.36 (0.62) 
Nursing (A) 3.63 (0.63) 
Stage 5: Cystic artery dissection Surgical (A) 3.69 (0.65) 
Anaesthetic (S) 3.45 (0.64) 
Nursing 3.59 (0.65) 
Stage 6: Gallbladder fossa 
dissection 
Surgical 3.55 (0.69) 
Anaesthetic (N) 3.45 (0.61) 
Nursing (A) 3.62 (0.75) 
Stage 7: Extraction of gallbladder Surgical 3.60 (0.57) 
Anaesthetic (N) 3.48 (0.70) 
Nursing (A) 3.69 (0.76) 
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Figure 6.2 displays the interaction between operative stage and operating theatre sub-team on 
OTAS scores.  
 
Figure 6.2 Interaction between Operative Stage and Operating Theatre Sub-Team on 
OTAS Scores 
 
 
Surgical Technique: Multi-Port versus Single-Incision Laparoscopic Surgery 
 
The following section presents the results in relation to the impact of the specific surgical 
technique used (SILS vs. multi-port LC) on teamwork. To determine whether there were 
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significant differences in teamwork between the different surgical techniques, ANOVA was 
conducted on operative technique (SILS vs. multi-port laparoscopic surgery), sub-team 
(surgical, anaesthetic, nursing), behaviour (communication, leadership, cooperation, 
coordination, situation awareness) and operative stage (stages 1-7). These analyses revealed a 
number of significant findings.  
 
Operative Technique: OTAS scores differed significantly between SILS and traditional 
laparoscopy, such that global OTAS scores were significantly higher in SILS compared to 
multi-port laparoscopic surgery (3.64 and 3.56 respectively; F(1, 4198)=16.39, P<0.001).  
This means overall operating theatre teamwork was more effective in the SILS procedures. 
No significant interaction was obtained between operative technique and the stage of the 
procedure analysed – thereby suggesting that the overall higher performance for the SILS 
procedures were maintained across all operative stages (F(6, 4186)=2.04, P>0.05). 
 
Operative Technique and Operating Theatre Sub-Teams: There was a significant interaction 
between operative technique and operating theatre sub-team on OTAS scores (F(2, 
4194)=92.84, P<0.001). Subgroup analyses revealed that the surgical sub-team displayed 
significantly better teamwork in SILS than in multi-port laparoscopic surgery (mean 3.91 vs. 
3.45; F(1, 4194)=157.91, P<0.001). In contrast, the nursing sub-team OTAS scores were 
significantly lower in SILS compared to multi-port laparoscopic surgery (mean 3.49 vs. 3.73; 
F(1, 4194)=43.54, P<0.001). Team performance of the anaesthetic sub-team did not differ 
between the two procedures (3.53 vs. 3.48; F(1, 4194)=1.52, P=0.22) – see Table 6.3 and 
Figure 6.3. 
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Table 6.3 Team Performance Across Operative Techniques and Operating Theatre Sub-
Teams 
 
  
OPERATIVE TECHNIQUE 
 
  Single-Incision 
Laparoscopic Surgery 
Multiport 
Laparoscopic Surgery 
 
O
T
 S
U
B
-T
E
A
M
 Surgical Sub-Team Better Worse 
Anaesthetic Sub-Team No difference No difference 
Nursing Sub-Team Worse Better 
GLOBAL OPERATING 
THEATRE TEAM 
BETTER WORSE 
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Figure 6.3: OTAS Global Team Assessment Scores Across Operative Techniques and 
Operating Theatre Sub-Teams 
 
 
 
 
Operative Technique and Specific Team Behaviours: There was a significant interaction  
between operative technique and behaviours (F(4,4190)=10.99, P<0.001), such that most 
team behaviours across the entire operating theatre team were better in SILS. Specifically, 
operating theatre teams performing SILS scored higher on communication (SILS=3.50 vs. 
Conventional laparoscopy=3.34; F(1, 4190)=11.99, P<0.001), leadership (SILS=3.40 vs. 
Conventional laparoscopy=3.15; F(1,4190)=29.60, P<0.001) and team monitoring 
(SILS=3.97 vs. Conventional laparoscopy=3.81; F(1, 4190)=12.36, P<0.001). In contrast, the 
180 
 
coordination of the operating theatre team was significantly worse in SILS (SILS=3.65 vs. 
Conventional laparoscopy=3.78; F(1, 4190)=8.36 P<0.004). Finally, global cooperation 
scores did not differ significantly between the two techniques (SILS=3.69 vs. Conventional 
laparoscopy=3.69; F(1, 4190)=0.003, P=0.96) – see Figure 6.4. 
 
Figure 6.4: Interaction between Operative Technique and Specific Operating Theatre 
Team Skills Behaviour on OTAS Scores 
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6.7 Discussion 
 
6.7.1 Key Findings 
 
6.7.1.1 Operative Stage 
 
This study shows that it is feasible to observe and assess teamwork performance at specific 
technical stages of a surgical procedure. This level of assessment appears to be of merit: 
significant fluctuations in team performance during the operative stages of the surgical 
procedures were found. Teamwork scores were significantly higher during stage 1: Access 
and Port Insertion in comparison to teamwork performance during Stage 4: Cystic duct 
clipping & transaction, Stage 5: Cystic artery dissection, and Stage 6: Gallbladder fossa 
dissection. There was also a significant interaction between operative stage and operating 
theatre sub-team on OTAS scores. These results revealed a complex pattern of team 
performance during the course of a surgical procedure; for example the nursing sub-team’s 
teamwork was significantly worse than both the surgical and anaesthetic sub-teams  during 
Stage 1: Access and port insertion, however this pattern of results was not consistent when 
examining team performance during Stage 2: Gallbladder retraction & exposure of Calot’s 
triangle: at this point in the operation the nursing sub-team’s teamwork was not significantly 
different from either the surgical or anaesthetic sub-teams. Whilst these findings are not 
completely unexpected, fluctuations in team performance during specific technical stages of 
an operation have not previously been subjected to empirical investigation. 
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6.7.1.2 Operative Technique 
 
Teamwork was overall better in SILS in comparison to multi-port laparoscopic surgery. More 
detailed analyses revealed that surgeons’ teamwork was significantly better in SILS cases 
than in the conventional cases.  Although some of the obtained differences were relatively 
small and the allocated OTAS scores were overall positive (i.e., typically around 4 or higher 
on the 7-point scale), this may reflect an increased necessity for surgeons to explicitly 
provide leadership, communicate with the operating theatre team and visibly exercise their 
team situational awareness, i.e., actively ensure the rest of the operating theatre team is doing 
well during SILS procedures – more so than in conventional cases. In contrast, operating 
theatre nurses scored lower for teamwork in SILS. Taken together with the finding that 
regardless of sub-team membership, operating theatre teams scored lower on coordination in 
SILS cases, this may suggest that extra attention towards the operating theatre nurses in SILS 
cases is required. This may be because the nature of the procedure, the equipment required 
and the operative strategy may be unclear to the nurses – with impact on overall operating 
theatre coordination. Pre-operative team briefings could help alleviate some of these issues 
and likely improve coordination – these are not regularly done in UK operating theatres at 
present and this is something to consider. The anaesthetic team did not appear to be affected 
– with very similar global team scores on both SILS and conventional laparoscopy. This may 
appear promising as anaesthetists were not negatively affected by the operative technique – 
however it may also suggest that greater engagement and communication is required to 
ensure patient safety (e.g., ensure appropriate analgesia, intra-operative relaxation, situational 
awareness of the need to operate with higher peritoneal pressures, etc.) and to make the best 
patient selection for SILS and improve the uptake of the technique.    
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The sub-group analyses of the different types of behaviours exhibited by different team-
members showed a pattern often observed when a novel procedure gets introduced: more 
explicit leadership, communication and situation awareness were found in the SILS cases. 
This likely suggests that team-members, particularly the surgeons, felt the need to ensure 
verbally during the procedures that all was well with the rest of the team. This is a familiar 
pattern with team performance in (relatively) new or unfamiliar environments, where the 
team works more explicitly rather than assume everything is working well. From the 
surgeon’s perspective, it should be emphasised here that there is room for improvement – 
offering assistance to other members of the team (typically nurses) and ensuring better 
coordination as argued above is likely to improve the flow of SILS cases, and reduce 
potential stressors to the team. Surgeons who have mastered the novel technique can 
contribute to this directly, with pre-operative team briefings, and intra-operative team 
monitoring and explicit provision of information and direction.  
 
6.7.2 Limitations 
 
6.7.2.1 Fluctuations in Team Performance  
 
This study is not without limitations. An obvious limitation to the present study is the fact 
that only one surgical procedure was studied: LCs. This raises several limitations and 
implications. Firstly, the findings of the present study are not directly generalisable to other 
surgical procedures. Secondly, the operative duration of LCs are relatively short (typically 
less than 60 minutes in duration); it is plausible that larger fluctuations in team performance 
may be evident during more lengthy procedures, thus future research should investigate the 
merits of assessing team performance at specific technical stages of different operations, that 
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vary not only in duration but also in technical complexity. Whilst it may appear logical that 
such a detailed teamwork assessment (15 behavioural ratings (5 behaviours x 3 sub-teams) 
versus 105 behavioural rating (5 behaviours x 3 sub-teams x 7 intra-operative stages)) is 
further adding to an already complex and taxing task for an assessor, I found that this was not 
the case. In fact I believe that such detailed observations and evaluations are part of the 
process that assessors implicitly undertake in order to provide a global assessment. 
Furthermore, a number of assessment tools provide space for assessors to make detail notes 
this space is commonly used to highlight instances of particularly good or poor performance. 
The detailed level of assessment in this study can be thought of as analogous to this process, 
but rather than providing notes a numerical rating is assigned. It is important to note that I am 
not suggesting that this level of assessment is necessary to provide feedback to operating 
theatre teams, rather this should be viewed as a research tool.  
     
Lastly, although it was not possible to concurrently assess teamwork and technical 
performance in this study, I would strongly recommend that both skills are assessed in future 
research. As previously discussed in Chapter 2 and in the introduction of this Chapter, the 
concurrent assessment of team and technical skills is likely to increase our understanding of 
the relationship between team performance and technical performance and patient outcomes. 
 
6.7.2.2 Operative Technique 
 
The surgeries observed in the current study were conducted by two surgeons. Ideally, a 
comparison of SILS and multi-port laparoscopy conducted by the same surgeon would have 
controlled for a number of extraneous variables. However, this was not feasible as the 
surgeons studied had their preferred operative technique (which is usual). I did take measures 
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to match the surgeons; both were experienced Consultant-level surgeons and had performed 
more than 1000 LCs each. Secondly, the surgeon who conducted the single-incision 
laparoscopic surgeries in this study had mastered the technique having completed more than 
100+ LCs using the SILS technique at the time of the study. This has important implications: 
the surgeon would have already been through the learning curve of applying SILS.  It is 
plausible that the results would have differed if the observations had been conducted whilst 
the surgeon was mastering SILS, as this could have had a greater impact on team 
performance during the learning curve – the entire operating theatre team would then also be 
at a similar ‘learning’ stage. Examining the impact of this learning curve on operating theatre 
team performance was outside the scope of the study – hence all comparisons were carried 
out within teams that regularly carried out these procedures.  
 
6.8 Conclusions 
 
To the best of my knowledge, this study is the first to explore the feasibility of observing and 
assessing team performance at specific operative stages of a procedure and to compare 
teamwork in single-incision versus multi-port laparoscopic surgery. My results suggest that 
teamwork does fluctuate during the technical stages of an operation and that SILS does not 
have a negative impact on overall operating theatre teamwork in teams of experienced SILS 
surgeons. This study provides evidence that assessing teamwork at specific technical stages 
of an operation is feasible. This work needs to be extended to determine the ‘true’ value of 
rating teamwork at specific operative stages and\or time intervals. Future research should 
assess both teamwork and technical performance, this level of exploration is likely to provide 
a more precise picture of the relationship between non-technical and technical performance. 
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As previous argued, the robustness of any study that quantifies the quality of team 
performance, is very much dependent on the psychometric robust of the teamwork 
assessment tool utilised and the ability of the assessor to provide meaningful, reliable and 
valid assessments. To ensure that assessors are capable of conducting reliable and valid 
assessment it is essential that they are trained. This is the focus of the next Chapter.  
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7 TRAINING NON-TECHNICAL AND TEAMS SKILLS 
ASSESSORS: A REVIEW OF THE LITERATURE AND 
NATIONAL EXPERT CONSENSUS STUDY 
 
 
7.1 Chapter Overview 
 
As argued in previous chapters, the availability of psychometrically robust non-technical and 
team skills assessment tools is not in itself sufficient to ensure meaningful, valid and reliable 
assessments, and thus in turn is not sufficient to ensure that the evidence base concerning 
non-technical and team in the operating theatre is robust. Furthermore, as highlighted in 
previous chapters, a crucial factor in the integration of such assessments into any work setting 
is the formal, structured training of assessors. To date, the training requirements for assessing 
non-technical and team skills in the operating theatre have received little attention and 
consequently remain relatively unclear among operating theatre teams, educators and 
academics alike.  
 
This chapter aims to fill this gap in the training literature. It presents a scoping literature 
review to identify training programmes that have sought to train non-technical and team skill 
assessors, specifically in the context of the operating theatre and the first stage of an expert 
consensus study to determine the training requirements to teach faculty to assess non-
technical and team skills.  
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7.2 Introduction 
 
It has been noted that there is currently a lack of appreciation among operating theatre team 
members, educators and academics regarding the considerable skill set and specialist training 
that is required to use non-technical skill assessment tools to provide meaningful, valid and 
reliable assessments. [55] Coupled with the fact that that non-technical and team skills 
assessment tools appear deceivingly simple, [12] this presents several dangers regarding the 
application of such tools by untrained assessors. In untrained hands, the utilisation of non-
technical and team skill assessment tools is almost certain to result in unreliable assessments.
 
Given the increased interest in patient safety, the focus on non-technical and team skills to 
minimise adverse events in the operating theatre,
 
and the availability of relevant assessment 
tools (e.g. via academic publications)  this danger is very much real. Although the realisation 
that it is critical to train faculty to ensure the reliability and validity of non-technical and team 
skill assessment is emerging among tool developers, [55, 149] the exact training requirements 
remain poorly understood. [55] 
 
In other high-risk/high-stake industries it is recognised that assessing non-technical skills 
requires specialist training. [153] As noted by Birnbach and Longridge (1993) [194] the 
validity of the assessment process in the aviation industry rests entirely on the ability of the 
pilot instructor to make accurate evaluations of performance. The most efficient method for 
ensuring the validity of the assessment process is believed to be rater training. [153] As noted 
in Chapter 2, the aviation industry has been at the forefront of integrating non-technical skills 
into training and assessment. In addition, the airline industry has been a leading contributor to 
the development of rater training programmes and guidelines exist to train pilot instructors to 
evaluate crew performance. This type of rater training has continually evolved since its initial 
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inception, much like CRM training. The first wave of rater training (pre 2003) involved new 
instructors learning how to use assessment tools and evaluating crew performance using 
video-clips. New instructors were provided with detailed instruction and extensive practice in 
rating crew performance, with the ultimate aim of all new instructors would become 
calibrated with one another. [152, 153] The limitation of this early approach is that although 
calibration in crew performance evaluations may be achieved within a particular group this 
does not guarantee that all sets of new instructors will come to the same evaluations. This 
limitation has since been addressed and is the focus of the ‘Gold Standards Approach to 
Training Instructors to Evaluate Crew Performance’, [152] which aims to train new 
instructors to rate crew performance in the same way that highly experienced instructors do 
(i.e. experts). This training consists of five modules, which are described in Table 7.1 below. 
 
190 
 
Table 7.1 Overview of The Gold Standards Approach to Training Instructors to Evaluate Crew Performance (Baker et al, 2003)[152] 
 
MODULE 
 
DESCRIPTION 
Module 1: 
Introduction 
Role of Pilot Instructors (PIs): Description of tasks and responsibilities of PIs 
Role of performance ratings in the Advanced Qualification Programme: e.g. data used to inform training needs 
Objectives of Gold Standard training: calibrate new instructors to ensure consistent and accurate evaluation of 
performance 
Module 2: Review 
Performance 
Standards 
Grade Sheets and Different Assessments: Introduction to grade sheets – including behavioural, technical and overall 
performance. Description of scales. 
Performance Standards: Criteria for success and failure that provide explicit instructions for determining ratings. 
Module 3: 
Observation Skills 
Training 
Behavioural Observation Training: Trainees provided with instruction on how to observe crew performance, emphasis 
placed on differentiating between observation and evaluation processes (i.e. descriptions of observable behaviours vs. 
judgements and evaluations). 
Observing Crew Performance: Trainees practice observing behaviours using video-clips. Feedback provided. 
Module 4: Rating 
Practice 
Rating Crew Performance: Trainees practice evaluating and grading performance. Full range of behaviours and levels 
of performance depicted using video-clips. 
 
Module 5: 
Performance 
Feedback 
Feedback: Trainees provided with feedback regarding any deviation of their ratings from the gold standards (expert 
scores). 
Proficiency Assessment: At the end of the training trainees rate a video-clip to compare trainees’ ratings with the gold 
standard. Feedback provided to trainees (immediately or at a later date). 
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Whilst course design guidelines exist in the aviation industry to train raters, [152] there are no 
such guidelines or recommendations on the training requirements for faculty who deliver 
non-technical skills teaching and assessment in the operating theatre. Such guidelines are 
necessary to underpin high quality education, training and assessment.  
 
The aim of the study reported in this, and also subsequent chapters, was to establish an expert 
consensus on the training requirements for non-technical skills faculty in surgery. In order to 
do so, a multi-stage, multi-method approach was employed. Firstly, a scoping review of the 
literature of training programmes that have sought to train the assessment of operating theatre 
team members non-technical and team skills was undertaken. Secondly, a consensus 
methodology was employed to obtain expert consensus regarding the training requirements of 
non-technical and team skills assessment in the operating theatre. The consensus 
methodology that was employed in this study is detailed in Figure 7.1. The initial stages of 
the consensus process that are presented in this Chapter are highlighted in blue.  The 
remaining stages are reported in detail in Chapters 8 and 9. 
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Figure 7.1 Flow Diagram of Consensus Methodology (adapted from Jones et al, 1995) 
[195] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Participants rescore agreement or disagreement in light of group's 
responses (Chapter 8) 
Report Findings 
 Test results 
Results Analysed for 
Agreement and 
Degree of Consensus 
Expert-derived guidelines developed 
Results tested (Chapter 9) 
Second Round of 
Delphi 
Survey drafted based on interview findings and sent electronically to 
all experts.  
 Responses analysed for agreement and consensus 
 Survey repeated, identical to first (but incorporating group's 
second round responses) produced and sent electronically to 
experts 
 
(Chapter 8) 
Third Round of 
Delphi 
First Round of 
Delphi 
Interviews to develop initial list of the Training Requirements for the 
Assessment of Non-Technical Skills in Surgery 
 Opinions categorised under common headings (Chapter 7) 
Definition of 
Problem 
Scoping review of the literature highlights the lack of guidelines and 
recommendations on the training requirements for faculty to assess 
non-technical and team skills in the operating theatre (Chapter 7) 
Selection & 
Recruit of Experts 
Inclusion Criteria: 
1. Development and/or psychometric testing of non-technical skills 
and teamwork assessment measures in surgical contexts and/or  
2. Extensive experience of assessing non-technical skills in surgery 
evidenced and 
 3. Based in the UK               
 
20 experts identified (Chapter 7) 
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7.3 A Review of the Literature  
 
7.3.1 Aims 
 
1. To identify the components of training programmes that have sought to train the 
assessment of non-technical skills in the context of the operating theatre (Stage 1). 
2. To provide an evaluation of the efficiency of the training programmes identified 
(Stage 1). 
3. To identify themes to explore in subsequent in-depth interviews with experts (Stage 
2).  
 
7.3.2 Methods 
 
The following keywords, and a combination thereof, were searched in OVID, EMBASE, 
PsycINFO, PubMed, and Google Scholar databases: ‘Non-technical skills’, ‘Human Factors’, 
‘Patient Safety’ ‘Faculty’, ‘Train-the-Trainers’, ‘Training’, and ‘Assessment’. In addition, 
publications of experts in the field (i.e. non-technical skill tool developers) were searched. 
The reference lists of all articles were hand-searched to identify any further reports. Two 
reviewers extracted information from each report on who delivered the training (i.e. trainers), 
who attended the training (i.e. faculty), the content of the training programme, how the 
training programme was delivered, and how the effectiveness of the training programme was 
evaluated. The search was conducted in December 2010.  
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7.3.3 Results 
 
The search identified five articles, describing four structured training programmes to teach 
faculty to assess non-technical and team skills. Table 7.2 provides a detailed summary of the 
characteristics of the identified training programmes. 
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Table 7.2 Characteristics of Training Programmes to Train Non-Technical and Team Skills Assessment 
 
 
NON-
TECHNICAL 
SKILL 
ASSESSMENT 
TOOL (Study) 
 
TRAINING PROGRAMME 
DESCRIPTION/CONTENT 
 
TRAINER(S) 
& FACULTY 
 
TRAINING 
GROUP SIZE 
& 
PROGRAMME 
DURATION 
 
RELIABILITY 
OF RATINGS 
 
EVALUATION OF 
TRAINING (Author 
conclusions) 
 
 
Anaesthetists’ Non-
Technical Skills 
(ANTS) Fletcher et 
al (2003) [99] 
 
4 Categories 
1.Decision Making 
(DM) 
2. Situational  
Awareness (SA) 
3. Task Management 
(TM) 
4. Team working 
(TW) 
 
15 skill elements 
(behavioural 
markers) 
 
4-point rating 
system 
 
 
Phase 1: Trainees sent a booklet 
describing the full ANTS system in 
advance. 
Phase 2   
*Background on human factors and 
non-technical skills, including 
information about human error, 
threat management and crew 
resource management training. 
*Introduction to the ANTS system 
and how to make behavioural 
assessments, which included 
detailed descriptions of the 
categories, elements and behavioural 
markers, supported by showing 
video snippets of examples. 
*Instructions for rating NTS, 
possible biases to avoid, and practice 
in rating. 
Training Environment: Workshop 
based. 
Materials: Simulated videos 
 
 
 
 
 
 
Trainer(s): 
Psychologist with 
assistance from a 
Consultant 
Anaesthetist. 
 
Faculty: 
Consultant 
Anaesthetists 
(involved in 
training and 
assessment).  
Experience of 
consultants ranged 
from 1 to more 
than 25 yr (mean 8 
yr). 
 
 
 
 
 
 
 
 
 
Training Group 
Size: 50. Eight 
sessions. Numbers 
of participants at 
each session varied 
(2-10). 
 
Duration: 1 day 
 
 
 
*Acceptable level of 
reliability not 
specified. 
 
TM r=0.65 
TW r=0.65 
SA r=0.56 
DM r=0.61 
 
Averaged across 
scenarios, 
88-97% of raters 
matched the reference 
rating to within 1 scale 
point for each skill 
element  
 
 
 
 
No attempt was made to calibrate 
raters to a standard scoring. In spite of 
their limited familiarity with the 
ANTS system, participants were still 
able to use the system with a 
reasonable level of agreement.  
 
The levels of rater agreement not as 
high as recommended for trained 
assessors. 
 
The participants suggested that 
limitations in accuracy occurred as a 
consequence of not knowing where to 
set the boundaries for each scale point 
and should therefore be resolvable 
with training and calibration. 
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Anaesthetists’ Non-
Technical Skills 
(ANTS)  
 
Graham et al (2010) 
[196] 
 
4 Categories 
1.Decision Making 
(DM) 
2. Situational 
Awareness (SA) 
3. Task Management 
(TM) 
4. Team working 
(TW) 
 
15 skill elements 
(behavioural 
markers) 
 
4-point rating 
system 
 
 
 
Training 
1.Exercises in behavioural 
assessment 
2. Rater error 
 
3. Frame of reference 
4.Performance dimension 
5. Use of ANTS-feedback & 
calibration (5 videos rated 
independently-results fed back to the 
group for discussion & calibration). 
 
Training Environment: Classroom 
based. 
 
Materials: Videos  (unscripted of 
real-time routine anaesthesia) 
 
 
Trainer(s): 
Details not 
specified.  
 
 
Faculty: Specialist 
anaesthetists 
(completed final 
Australian &New 
Zealand College of 
Anaesthetists) 
Raters ranged in 
experience from 
<1 to >30 yr 
 
 
Training Group 
Size: 26  
 
 
Duration: 8 hours 
 
 
Accepted value of 
r.0.70 
 
 
Intra-class correlations 
(ICCs) for each 
element (15) were 
0.11-0.62  
(based on 5 video 
ratings) 
 
ICCs especially low 
for all decision-
making elements and 
for 1 team working 
element. 
 
Neither experience in 
supervision, nor 
previous use of a 
structured assessment 
method, improved 
reliability of 
assessment.  
 
 
 
 
Unable to train anaesthetists to use 
ANTS reliably in 1 day.  
 
 
ANTS can be difficult to use, & 
reliability is poor. Further research is 
required to determine how much 
training is required to become 
competent using ANTS. 
 
Inadequate correlation of scores 
between participants and experts: 2 
major factors contributing to this 
result: 
1. Misclassification of behaviours into 
different elements  
2. Lack of agreement on safety 
standards between anaesthetists. 
 
Most trainees felt they had received 
enough training to use ANTS but 
needed more practice before using the 
system for assessment. 
 
 
Observational 
Teamwork 
Assessment for 
Surgery (OTAS)  
 
Russ et al 2012 [55] 
 
5 teamwork 
behaviours 
1.Communication 
 
Training 
Phase 1: OTAS manual, relevant 
publications, and 3 scripted 
simulated videos-filmed in a high-
fidelity simulated OR 
(familiarisation of OTAS use) 
provided to faculty. 
 
Phase 2: Use of OTAS during real-
time surgery-structured feedback  
 
Trainer: Expert 
OTAS rater 
(100+cases) 
Background in 
Psychology.  
 
Faculty: Non-
clinical researchers 
(background in 
psychology) &  
 
Training Group 
Size: 4. 
 
Duration: 
Approximately 16 
hours of real-time 
observations + 2.5 
hours of feedback 
and calibration 
exercises. 
 
Accepted value of 
r.0.70 
 
Median ICCs between 
0.70-0.80 (Ps<0.001), 
with ICCs for 
communication 
exceeding levels of 
0.80 (P<0.001). Mean 
ICC of 0.73 
 
It is feasible to train both clinicians 
and non-clinicians to use OTAS to 
assess teamwork behaviours in 
operating theatres over a short 
structured training period.  
 
OTAS is an accessible tool that can be 
used reliably by observers from 
different professional backgrounds. 
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2. Leadership 
3. Cooperation 
4. Coordination 
5. Monitoring 
 
7-point rating 
system 
 
and calibration session (immediately 
after each observation). This was 
repeated 10 times. 
 
Training Environment: 
Real OR 
 
Training Materials: 
1. OTAS manual 
2. Relevant published articles on 
psychometric testing of OTAS 
3. Simulated videos 
 
 
Surgical registrars 
 
 
Novice assessors were 
significantly better 
correlated with the 
expert assessor at 
scoring surgeons’ 
(P<0.01) and 
anaesthetists’ team 
skills (P<0.01) 
compared to team 
skills exhibited by OR 
nursing personnel.   
 
 
 
 
Future research should aim to clarify 
the levels of reliability that are both 
acceptable and achievable for the 
assessment of non-technical skill.  
 
 There was no significant difference 
between surgeon and psychologist 
novices in their overall correspondence 
with the expert for any of the OTAS 
behaviours 
 
 
Non-Technical 
Skills for Surgeons’ 
(NOTSS) 
 
Yule et al (2008 & 
2009) [148, 149] 
 
5 Categories: 
1.Situational 
Awareness (SA) 
2. Decision Making 
(DM) 
3. Communication 
and Teamwork 
(CTW) 
4. Leadership (L) 
5.Task management 
(TM) 
 
4-point rating 
system 
 
 
 
Training 
1.Background on human factors and 
non-technical skills 
2.Introduction to the NOTSS system 
and how to make behavioural 
assessments 
3. Practice in observing and rating 
behaviours with NOTSS in three 
training scenarios. 
 
Training Environment: Workshop 
based. 
 
Materials: Videos  (simulated 
scenarios) 
 
 
Trainer(s): 
Details not 
specified 
 
Faculty: 
Consultant  
Surgeons. Mean 
experience at 
consultant 
level was 8.9 years  
(SD 7.5 yr) 
 
 
Training Group 
Size: 44 in total. 6 
groups (number of 
faculty in each 
group not 
specified).  
 
 
Duration: 2.5 hours 
 
 
Accepted value of  
r. 0.70 
 
SA r=0.51 
DM r=0.68 
CTW r=0.70 
L r=0.72 
TM r=0.66 
 
 
 
 
Inadequate amount of training. 
 
Adequate reliability achieved for 
Communication and Teamwork and 
Leadership only.  
 
Raters were not formally calibrated but 
they did discuss their observations and 
ratings after each of the three 
training scenarios 
 
Recommended that a minimum of 2 
days training be provided for using this 
type of rating system. No requirement 
for the suggested 2 days of training to 
be completed back-to-back in a single 
course; if fact it may be more 
sustainable if training is delivered over 
a period of time. 
 
No attempt made to calibrate the rater 
by using feedback and discussion to 
establish common standards. 
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7.3.3.1 The Trainers 
 
One article reported that the training programme was delivered by two trainers, with varying 
backgrounds (psychologist and clinician). [99] One training programme was delivered solely 
by a psychologist. [55] Two of the four training programmes did not provide details of the 
‘trainer’. [148, 149, 196]  
 
7.3.3.2 Faculty 
 
Three of the four training programmes were delivered to faculty specialising in the operating 
theatre sub-team that the assessment tool assessed (i.e. NOTSS-surgeons, [148, 149] ANTS-
anaesthetists [99, 196]). One training programme was delivered to trainees with varying 
backgrounds (OTAS-psychologists and surgical trainees). [55] Three of the four training 
programmes were delivered to clinicians that were of Consultant level, most of which were 
involved in training and assessment of trainee clinicians. [99, 148, 149, 196]   
 
7.3.3.3 Training Programme Structure  
 
The structure of the training described in three of the training programmes consisted 
predominately of classroom/workshop based training. [99, 148, 149, 196] Only one article 
described a training programme that was predominantly undertaken in the operating theatre. 
[55]
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7.3.3.4 Training Programme Content 
 
7.3.3.4.1 Pre-Training Material 
 
Two of the four training programmes provided pre-training materials to trainees, consisting 
of a booklet/manual describing the non-technical skill assessment measure to be used, [55, 
99] one of the training programmes provided trainees with video clips and the teamwork 
assessment tool with the aim of familiarising the trainees with the rating system. [55]
 
 
7.3.3.4.2 Theoretical Content 
 
The theoretical content of the four training programmes was relatively similar; including an 
introduction to human factors and non-technical skills assessment, followed by a detailed 
introduction of the non-technical skill assessment tool to be used. 
 
7.3.3.4.3 Practical Content 
 
Practice observing and rating video clips (simulated and real) was a key feature of all the 
training programmes identified. 
 
Only one training programme featured practising observing 
and rating in the operating theatre. [55]
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7.3.3.5 Training Group Size 
 
Training group size varied within the four training programmes, ranging from two trainees 
[99] to 26 trainees. [196] Two training programmes reported the delivery of multiple training 
sessions with varying number of trainees. [99, 148, 149]  
 
7.3.3.6 Duration of Training Programme 
 
The duration of the training programmes in the four training programmes ranged from 2.5 
hours [148, 149] to approximately 18 hours. [55] Three of the four training programmes were 
delivered in a single session. [99, 148, 149, 196] The remaining programme was delivered 
over multiple sessions, over a period of approximately one month. [55] 
 
7.3.3.7 Efficiency of Training Programme 
 
One measure of training programme efficiency is the accuracy of ratings (i.e. calibration 
between trainee and expert ratings). For the purpose of comparing the efficiency of the four 
training programmes described, the reliability criterion of 0.70 was selected as this was 
frequently specified as the acceptable level. [55, 148, 149, 196]  Two of the four training 
programmes did not reach the acceptable level of inter-rater reliability (typically set at a 
reliability coefficient of 0.70 or higher) for any of the non-technical skill categories or 
elements assessed. [99, 196] Two of the training programmes, reported acceptable levels of 
inter-rater agreement for particular non-technical skills and teamwork behaviours (2/5 [148, 
149] , 4/5 [55]).  
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7.3.4 Conclusion 
 
To date, there have been relatively few attempts to provide training in non-technical and team 
skills assessment in surgery. This review highlights a significant lack of consistency on how 
best to teach faculty to assess non-technical and team skills. The few programmes that have 
been developed varying in relation to efficiency; most importantly none of the training 
programmes were successful in reaching an acceptable level of calibration for all behavioural 
categories/elements. More recently, another assessor training programme was reported by 
Mitchell et al, to teach scrub practitioners to use the The Scrub Practitioners' List of 
Intraoperative Non-Technical Skills (SPLINTS) rating system. [32] The one-day training 
session, attended by experienced scrub practitioners, provided participants with a theoretical 
background on human factors and non-technical skills. Following this theoretical 
introduction, trainee assessors practiced observing and rating the non-technical skills of scrub 
practitioners using simulated video clips. Trainee assessors reached an acceptable level of 
proficiency for each non-technical skill category; Situation awareness (rwg=0.75), 
Communication and teamwork (rwg=0.72), Task management (rwg=0.74). However, trainee 
assessors failed to reach an acceptable level of proficiency (rwg<0.70) for 3 of the 9 non-
technical skills elements.  
 
In highlighting the lack of consistency on how best to train non-technical skill assessors, this 
review draws attention to the lack of standardised recommendations and guidelines that are 
available to clinicians, educators and academics alike who wish to integrate non-technical 
skill assessments into the operating theatre. In order to devise such guidelines, based on the 
findings of my review, I undertook an expert-consensus study.  
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7.4 Round 1 of Expert Consensus Study: Semi-Structured Interviews with 
Non-Technical Skills Experts in Surgery 
 
7.4.1 Methods 
 
7.4.1.1 Consensus Methodology 
 
Consensus methods are commonly used within healthcare research and are considered ideal 
when there is insufficient information or contradictory evidence on a particular topic, and 
where expert opinion on a given topic is ambiguous. [195] Considering the lack of empirical 
evidence of the training requirements for the assessment of non-technical and team skills in 
the operating theatre, a consensus methodology was considered appropriate. 
 
7.4.1.2 Selection of Experts: Methodological Issues Considered 
 
While there are no exact guidelines to adhere to regarding who to include as experts in 
consensus methods, participants must be justifiable as an ‘expert’ on the topic of interest. 
[195] Furthermore, it has been suggested that it is important that participants have the ability 
to implement the findings and are not likely to be challenged as experts. [197] As the 
integrity of findings is evaluated, in part, based on the composition of experts, considerable 
care was taken to devise criteria to identify ‘expert’ participants. [197]   
 
7.4.1.2.1 Inclusion Criteria 
 
Experts met the following inclusion criteria:  
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1) Expertise in the development and/or psychometric testing of non-technical skills tools 
in surgery and/or  
2) Expertise in assessing non-technical skills in surgery (in real or simulation-based 
settings) and 
3) Based in the UK 
 
Experts were identified via peer-reviewed publications. A provisional list of participants 
identified 20 experts who were invited to participate. Experts were also requested to provide 
details of any colleague(s) that met the inclusion criteria to ensure comprehensive coverage – 
a technique known as ‘snowball sampling’. Nineteen (95%) of the invited experts agreed to 
participate in the study. 
 
7.4.1.3 Expert Consensus Panel members 
 
19 experts including 11 clinicians (8 surgeons, 3 anaesthetists) and 8 psychologists/human 
factors specialists formed the Expert Consensus Panel (ECP). All members of the ECP are 
recognized internationally as world-leaders in the development and validation of assessment 
tools that capture non-technical skills of operating theatre teams. This is important because 
the credibility of any consensus study is very much dependent upon the level of expertise of 
the consensus panel. [197] Between them, the ECP members have developed and validated 
six non-technical skill assessment tools for use in the operating theatre,  [32, 98, 99, 101, 102, 
137] many of which have been utilised on a global basis. [196, 198] Furthermore, all 
members of the ECP have conducted extensive research exploring the factors that influence 
the quality, reliability and safety of surgical care and operating theatre team processes. 
Among the ECP, the mean number of years of experience in non-technical skills research 
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specifically in healthcare was 7.58 years (SD=3.06). Given this field has only become 
mainstream within surgery during the last 10 years, this highlights the considerable expertise 
of my ECP. Members of the Expert Consensus Panel are detailed in Table 7.3. 
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Table 7.3 Expert Consensus Panel 
INSTITUTION 
NON-TECHNICAL SKILL 
ASSESSMENT TOOL 
EXPERT CONSENSUS PANEL MEMBERS 
  
Name Speciality Grade 
Experience in non-
technical skills 
research (yrs) 
Experience in 
non-technical 
skills research in 
healthcare (yrs) 
 
Imperial College 
London, Department of 
Surgery and Cancer  
 
Observational Teamwork Assessment for 
Surgery (OTAS) 
 
Revised Non-Technical Skills (Revised 
NOTECHS) 
 
Sonal Arora 
Andrew Healey 
Eva Kassab 
Krishna Moorthy 
Nick Sevdalis 
Shabnam Undre 
Charles Vincent 
 
Surgery 
Psychology 
Psychology 
Surgery 
Psychology 
Surgery 
Psychology 
 
Registrar  
Researcher  
Researcher  
Consultant  
Senior Lecturer  
Registrar  
Professor  
 
4 
5 
2 
9 
7 
7 
5 
 
4 
5 
2 
9 
7 
7 
5 
 
 
University of Oxford, 
Department of Surgery 
 
 
Oxford Non-Technical Skills (Oxford 
NOTECHS) 
 
Ken Catchpole 
Peter McCulloch 
Amitabh Mishra 
 
Human Factors 
Surgery 
Surgery 
 
Associate Professor  
Consultant   
Registrar  
 
9 
6 
6 
 
8 
6 
6 
 
University of Aberdeen, 
School of Psychology 
 
Non-Technical Skills for Surgeons   
(NOTSS) 
Anaesthetists’ Non-Technical Skills   
(ANTS) 
Scrub Practitioners’ List of Intra-
operative Non-Technical Skills 
(SPLINTS) 
 
 
 
 
 
 
 
Ronnie Glavin 
Rhona Flin 
Nikki Maran 
Lucy Mitchell 
Simon Paterson-Brown 
Rona Patey 
David Rowley 
Steven Yule 
George Youngson 
 
Anaesthesia 
Psychology 
Anaesthesia 
Psychology 
Surgery 
Anaesthesia 
Surgery 
Psychology 
Surgery 
 
Consultant  
Professor  
Consultant  
Researcher  
Consultant   
Consultant   
Professor/Consultant   
Lecturer  
Professor/Consultant  
 
 
11 
15 
10 
5 
15 
10 
10 
12 
7 
 
11 
10 
10 
4 
15 
10 
10 
8 
7 
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7.4.1.4 Semi-Structured Interviews 
 
The literature review highlighted the following areas that lack standardization and were the 
focus of the interviews with experts:   
 
(1) Trainers: Who should deliver a ‘train-the-trainers’ programme in non-technical skill 
assessment? 
(2) Faculty: Who should the training programme be aimed at? 
(3) Faculty Proficiency and Revalidation Criteria: What is an acceptable level of 
proficiency and should faculty be re-evaluated/revalidated? 
(4) Training Programme Content: What should be taught in a train-the-trainers 
programme? 
(5) Training Programme Delivery: What should be the method, duration, and ratio of 
trainers to faculty? 
(6) Training Evaluation: How should the effectiveness of the programme be evaluated? 
 
The above themes guided the developed of the interview topic guide (see Appendix B). The 
interview guide was semi-structured with use of free prompts and expansive questioning. The 
interviews were exploratory in nature, but guided by the above themes that emerged from the 
literature review.  
 
7.4.1.5 Pilot Interviews 
 
Two pilot interviews lasting approximately 30 minutes were carried out with one surgeon and 
one psychologist specialising in patient safety in surgery, based at Imperial College London. 
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After the pilot interviews, participants were asked to comment on the interview structure and 
the themes covered. This resulted in a number of minor amendments (mainly to the wording 
of particular questions) to the interview topic guide. 
 
Experts were briefed about the themes that would be explored during the interview in 
advance to ensure that considered responses were received. All interviews were conducted by 
myself and mostly over the telephone due to the widespread geographical location of experts 
(5 interviews were conducted face-to-face).  Interviews were digitally recorded and lasted a 
mean of 38 minutes each (ranging from 19-78 minutes). Interviews were professionally 
transcribed for analysis.  
 
7.4.1.6 Data Analysis 
 
Deductive analysis was initially used to analyse the data gathered from the interviews. 
Deductive analysis, in which analytic categories derived either at the beginning or part way 
through the analysis, [199] was considered most appropriate as the over-arching themes of 
interest were informed by the literature review and thus derived prior to analysis. However, 
as the interviews were semi-structured and thus exploratory, elements of inductive analysis 
were also used, in which analytic categories were derived gradually from the data. A coding 
framework was developed based on the interview topic guide and all the data relevant to each 
pre-defined theme were identified and coded accordingly. Following this initial 
categorisation of data into over-arching coding themes, emerging themes were subsequently 
coded into sub-themes (i.e. secondary stages of analysis utilising principles of thematic 
analysis). [200] All interviews were independently analysed by myself. A random sample of 5 
interview transcripts (approximately 25%) were analysed by a second analyst with a 
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background in surgery (Nick Symons) to ensure reliability and consistency in the coding 
process. Consistency in coding was evaluated qualitatively and was found to be very good, 
and any discrepancies were resolved through discussion. 
 
7.5 Results 
 
7.5.1 The Trainers 
 
7.5.1.1 Professional Background 
 
Many commonalities in experts’ views and recommendations regarding who should be 
involved in the delivery of a training programme to assess non-technical and team skills 
emerged; the majority of experts valued a multi-disciplinary team approach, consisting of 
clinicians and behavioural scientists (e.g. psychologists/human factors experts). A multi-
disciplinary approach was favoured as experts felt that the breadth and depth of knowledge 
and skills required to deliver a training programme to train non-technical and team skills 
assessors was largely beyond the scope of trainers from a single profession; 
 
“I think the mix of having a clinician and behavioural scientist is an ideal mix” (S16). 
“You certainly need the input of psychologists, fantastically powerful, combination of expert work 
psychologists working with doctors and nurses so you got the best of both worlds” (S13).  
 “I think either on their own (clinicians and behavioural scientists) has significant weaknesses” (S04). 
 “recommending that either psychologists get medical degrees, or medical professionals get 
psychology qualifications is possibly not the most realistic option” (S16). 
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A number of experts felt that it was important to have clinical trainers that represented the 
operating theatre sub-team that the course was targeted at;  
 
“If you’ve got non-technical skills for surgeons then primarily you need surgeons and a psychologist.  
If you’re doing it for an anaesthetist, you probably need two anaesthetists and maybe a psychologist” 
(S07). 
 
Furthermore, a number of additional recommendations regarding the composition of trainers 
emerged  from the interviews including the desirability of having clinicians from more than 
one operating theatre sub-team (surgeons, anaesthetists, scrub nurses) delivering the training 
programme. In addition, some experts felt that the ideal composition of trainers would 
include non-technical skill experts from other high-risk industries that train non-technical 
skills (e.g. aviation).  
 
7.5.1.2 Seniority and Attributes of Clinical Trainers 
 
A number of the training programmes identified in the scoping literature review were 
delivered by consultant clinicians. Interestingly, whilst a number of experts thought that 
clinical trainers should be of consultant level, this view was not shared by all experts; 
 
“They (trainers) should be a consultant because that’s what people expect, they expect their training 
to come from consultants” (S01). 
“They don’t have to be consultants, but they definitely have to be more senior” (S15). 
 
Whilst there was a degree of disagreement as to whether consultant clinicians should be 
involved in the delivery of training, most experts felt that senior clinical trainer ought to be 
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involved. Senior clinical trainers were considered of importance for a number of reasons, 
including the ‘seal of approval’ that a senior clinical trainer would bring to a training 
programme where the sole focus was not on technical knowledge or skill acquisition;  
 
“you’ve got to have senior clinician champions who are prepared to say why this is important and 
what’s important” (S13). 
“given the culture, you would have to have someone of superiority, who can convince them of the 
value of the tool” (S03). 
 “people respect experience and recognise that if you’re at that level of experience you’ve seen a lot 
of situations where your experience is relevant to what you’re telling people” (S04).   
 
Whilst the majority of experts believed that clinical trainers should be experienced clinicians, 
a number of experts acknowledged that selecting clinical trainers based solely on clinical 
expertise may not be the best strategy; 
 
“just judging by clinical expertise alone, is not going to help very much, because some of these 
people, in fact, might be terrible in their non-technical skills” (S17).  
 
Experts identified a number of attributes that clinical trainers should possess including an 
interest in patient safety, good technical and non-technical skills, the ability to teach and 
train, and good communication skills. Furthermore the importance of the credibility of the 
trainer(s) was described by a number experts; 
 
“credibility, does it have to be done by somebody who’s got some esteem or is, is respected as a, as a 
name or a position in the profession? And you’d like to think that that’s not, that’s probably less 
important than knowing the stuff and being able to integrate the non-technical type training with the 
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technical ability and expertise and examples that can come to mind. But I think probably some of the 
medical specialities I’ve worked with in some of the groups probably, probably would rather senior 
respected figures were involved, even if they were less able to teach the stuff well” (S09). 
 
Interestingly, one expert raised concerns regarding the self-selection of trainers currently 
involved in the delivery of non-technical and team skills training programmes to operating 
theatre teams; 
 
”If you’re an enthusiast, you end up delivering the training which doesn’t necessarily mean you’re 
the best person for the job. .and this has definitely been an issue that I’ve come across where some of 
the clinicians who are heavily involved in trying to push non-technical skills training are actually 
unaware of their own fallibilities in this area” (S02).   
 
7.5.2 Faculty  
 
First and foremost experts recommended that clinicians should be trained to assess non-
technical and team skills.  A number of experts suggested that clinicians that are responsible 
for training and assessment should be targeted to attend such a training course;  
 
“Clinical tutors who are supervising those junior members of staff, so they could, they would be the 
first people (to target)” (S09). 
“It should be aimed at the people who are delivery the technical training, because you’re going to 
have a much more powerful effective you could deliver both at the same time, or at least 
simultaneously” (S02). 
 “ultimately every trainer should be able to make the assessment of their trainees” (S10).  
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Experts also considered targeting non-clinicians for non-technical skill assessments that are 
conducted for differing purposes;  
 
“if you want to use these assessors for high stakes assessment, so in terms of revalidation, or in terms 
of, you know, competence reviews, or in terms of research even then I think it’s perfectly fine...to train 
non-clinicians” (S01). 
“I think Theatre Managers might be really good people to have training in non-technical skills 
assessments as part of a quality improvement effort” (S02). 
 
Whilst a number of experts suggested that behavioural scientists could be targeted as non-
technical skill assessors, the benefits of training clinicians over behavioural scientists (e.g. 
psychologists and human factors experts) were highlighted by a number of experts. The 
practicalities and costs involved in training non-clinicians were highlighted;  
 
“learning curve is very much steeper – much slower and longer (for behavioural scientists) than 
training a senior clinician to do the same thing” (S08). 
“Every hospital can’t have their own (psychologists), whereas every hospital’s already got their own 
consultants” (S01). 
“It would cost the NHS a disproportionate amount of money to, to have a whole err...well, many 
groups of psychologists running around the country assessing clinicians’ (S03). 
 
As non-technical and team skills assessment is not currently mandatory in the operating 
theatre, it was suggested that a more strategic approach to targeting assessors should be 
adopted;  
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“You also need to be targeting the enthusiasts at the moment, until it becomes more generally 
accepted, you need to be identifying people who have an interest in this sort of thing because there’s 
still...a lot of resistance to these ideas” (S02). 
 
7.5.3 Discipline-Specific Training Programmes 
 
The majority of training programmes to train faculty to assess non-technical and team skills 
assessment identified in the literature review were discipline-specific (i.e. anaesthetists 
trained to assess the non-technical performance of anaesthetists). The experts of this study 
were asked to consider whether this approach should be adhered to or whether there was 
scope to train operating theatre team members to assess one another (e.g. surgeons train to 
assess surgeons and anaesthetists).  There were mixed reactions among experts to the latter 
approach. Some experts favoured this;  
 
“any member of the team should be able to, and feel free to, assess any other member of the team, 
without either side feeling threatened...it’s very easy to create an environment where people won’t say 
what they really think because they feel threatened, and you’ve got to create a culture that it’s okay to 
receive and to give criticism in a constructive way. And, I think, by having assessors who are also 
members of the team, you begin to change the whole background and culture of the organisation, to 
one that’s self-critical in a constructive way” (S13). 
  
Other experts, however, believed that a training programme should be discipline-specific and 
described the challenges of delivering a training programme that was targeted at operating 
theatre teams; 
 
“personally I think that it’s, it’s better done in individual areas for this kind of training (S09). 
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“there’s much more interaction when it’s just the nurses on their own...as opposed to with the 
surgeons” (S12). 
 
7.5.4 Training Programme Content 
 
7.5.4.1 Pre-Training Material 
 
A number of experts suggested that although it would be beneficial to provide trainee 
assessors with pre-training material, typically experts suggested providing trainee assessors 
with a number of key academic publications concerning non-technical aspects of 
performance  in the operating theatre. However concerns were raised regarding whether it 
was feasible considering the workload of clinicians;  
 
“so it’s not foreign material. Bearing in mind most people won’t read it before they come” (S01). 
“It’s again, what’s practical. It’s knowing that these people are not going to have loads of time on 
their hands” (S17). 
 
7.5.4.2 Theoretical Component 
 
As non-technical skills are not formally integrated into the education, training and assessment 
of operating theatre team members, the majority of experts stressed the importance of 
providing trainee assessors with a theoretical background underpinning the importance of 
non-technical skills to safety and efficiency in work setting. This included providing trainee 
assessors with examples from other high-risk industries that incorporate non-technical skills 
into the education, training and assessment;  
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“examples from other industries, for example, aviation that train non-technical skills” (S06). 
“setting the scene of the background and using the aviation examples are probably quite useful in 
setting the scene” (S12). 
 
Furthermore, the majority of experts felt that it was important for trainee assessors to 
understand the importance of non-technical performance to safety in the operating theatre; 
 
“Understanding of how these particular behaviours relate to safety and efficiency (S16). 
“So that they can then see how what was thought to be a technical problem and a high anastomotic 
leak rate and a high morbidity or mortality after surgery, is not a technical problem by and large, but 
it’s perhaps a non-technical skill failure...which manifests itself as a technical skill problem.  So they 
need to understand that” (S07). 
 
One participant eluded to the fact that a training programme to train non-technical skills 
assessment would be likely to evolve over time once non-technical skills were formally 
integrated in the education and training of operating theatre teams;  
 
”If you had all that in place (integration of non-technical skills into medical training), then training 
these people to do ratings of these skills, which might be the consultants being trained to do that, as 
part of their professional practice as the technical skills are being assessed, then that’s very different 
from the present position where there’s none of that underpinning knowledge there” (S16). 
7.5.4.3 Non-Technical Skills Assessment: Limitations and Implications 
 
The majority of experts felt that the training programme should be developed around a 
structured non-technical skill assessment measure (e.g. NOTSS, ANTS). A number of experts 
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recommended that trainee assessors should be made aware of the limitations associated with 
non-technical skill assessments and the implications of such assessments;  
 
“It's logical that you've got to say what the limits are of the assessment” (S03). 
“awareness of some of the limitations of this kind of rating...implications of conducting such ratings, 
particularly if these are being used in a jeopardy basis” (S16). 
“nuances of non-technical skills assessment and behaviour observation” (S09). 
 
7.5.4.4 Practical Components 
 
Experts felt that it was important that trainee assessors had the opportunity to practice 
observing and rating non-technical skills;  
 
“getting people to consistently understand and agree what the concepts are we’re looking for, to 
recognise them when they see them...attach them correctly to the correct anchors takes a fair bit of 
iteration and repetition” (S04). 
 
The majority of experts emphasised the importance of discussing non-technical skill ratings 
to ensure calibration;  
 
“calibration device to let people see how their scores are relating to each other or to some gold 
standard, discussion of outlying ratings” (S17). 
“ you need to allow time for discussion because I think the calibration of ratings, my experience is for 
every number of points you have in your rating scale, you can find people who think different things 
are acceptable and unacceptable” (S18).  
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In addition to practicing observing and rating non-technical and team skills, some experts 
recommended that the training programme should also include training on how to provide 
feedback on non-technical aspects of performance. 
 
7.5.5 Training Programme Delivery 
 
7.5.5.1 Structure 
 
A number of different methods for delivering a training programme to train non-technical 
skills assessors were suggested including lecture-based, classroom/workshop based, and 
distance learning (e.g. e-learning-package). A number of experts suggested a multi-method 
approach to the training programme.  A workshop-based training programme was typically 
suggested, especially for the practical component of the training programme involving 
observing and rating non-technical skills. This approach was favoured due to the importance 
that experts placed on interaction;  
 
“I think workshops, got to be interactive hasn’t it, it’s got to be lots of chalk and talk stuff” (S09). 
“you could imagine that that could be done in a web-based, tutor supported way, but I think it’s much 
better done in the classroom format, where people can discuss what they’re seeing with other” (S15). 
 
7.5.5.2 Training Group Size and Ratio of Trainers to Faculty 
 
The importance of interaction in a training programme to train assessors was also expressed 
by experts when asked to consider the number of trainee assessors that could be trained at any 
one time. Experts typically favoured a high ratio of trainers to faculty; 
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“30 (faculty), I think that’s just crazy, that’s just too many people, you can’t listen to everybody...20 
(faculty) with two trainers...that’s pushing it as well” (S01). 
“six (faculty) per trainer, I would say.  So, if you’ve got three trainers, you could have a group of 18, 
but I wouldn’t make it any bigger than that” (S11). 
 
7.5.5.3 Practice Observing and Rating Non-Technical Skills 
 
Experts devoted a large amount of time during the interviews identifying possible methods 
that would allow trainee assessor to practice observing and rating non-technical skills. 
Suggested methods included written vignettes, video-clips, role-play exercises, simulated 
scenarios, real theatre attendance or a live feed from real theatre. The majority of experts 
identified video-clips as a potential method of observing and rating non-technical skill and 
described the advantages and limitations associated with this approach;  
 
“I think videos are the most controllable and least intrusive way of doing it” (S15). 
“videos are cheap and cheerful, because you can share them, you can make them available online, 
you can put them on secure servers and you can train people in Australia” (S17). 
 
However, the expense and difficulties of producing video-clips and issues regarding wider 
dissemination and distribution of videos were raised by a number of experts;  
 
“filming scenarios is an expensive and time consuming business and there’s a little bit of intellectual 
property on those, and people who put a lot of time into them may not want them going off anywhere 
else, particularly if they’re being shown without appropriate explanation” (S07). 
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The practicalities of observing and rating non-technical skills in the operating theatre were 
raised by a number of experts;  
 
“real-time is more likely to be problematic because people finding the time to go and do it, and also 
having a bunch of people, because no one will train one people at a time, it’s probably cost- 
ineffective. So, going into an operating theatre with a bunch of 10 to train them is probably more 
disruptive than it’s of benefit to the assessors” (S17). 
 “that would be very expensive” (S07). 
“you could envisage a programme where people would be taking ratings in the simulator or taking 
ratings in a controlled way in theatre, but, for practical purposes, we have not been able to do that, 
but it’s not to say that that wouldn’t be a good exercise to do that” (S16). 
 
Whilst many experts focused on the difficulties of training assessors in the operating theatre, 
a number of experts believed that trainee assessors should practice observing and rating non-
technical skills in the operating theatre;  
 
“I’m quite convinced that there should always be training in the operating theatre because even the 
video, it’s not the same as being there...I think video clips could be used, but that shouldn’t be a 
substitute for going to the operating theatre to the real environment...I think the real clinical 
environment should be, it should form a part of the training” (S05). 
 “There needs to be a significant period of time where the assessor and the trainers are actually 
together for a long time watching, spending time in theatre” (S11). 
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7.5.6 Duration of Training Programme 
 
7.5.6.1 Initial Training  
 
Most experts felt that a one training programme was not sufficient to train non-technical skill 
assessment and should be more far more extensive. However experts described the disparity 
between delivering a training programme that is feasible for trainee assessors to attend and 
the duration that is necessary to train non-technical and team skill assessors;  
 
‘I think that people, what people want, is a quick fix - a half-day thing...and I really worry about that 
because I think that people don’t realise how difficult it is...so what clinicians will want is a half-day 
course, which will never, after which they will not be able to do anything.  I think, personally, I think 
two days would be a minimum, and I think after two days what people say is, ‘I need more time.’ 
(S15). 
“Two days but pointing out that in reality, we are not getting two days from any of the NHS  
professionals we’ve tried to do this with. So, that the logistics and the access are a bit of another 
issue. (S16). 
 
From a practical perspective, a number of experts suggested that the duration of the training 
programme should less than two days;  
 
“From a practical point of view, only a day...I don’t know anybody who’s going to come into a 
training programme that’s longer than a day. And in fact I think it should be three hours, although I 
think that may be, half a day is the ideal, in terms of practicality. A lot of people would be very happy 
to come for half a day” (S01).  
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A number of experts described the benefits of delivering the training programme over 
multiple sessions;  
 
“a gap between the two days has the advantage of giving people time to reflect, to do some more 
background reading and work, and you’ll probably get a bit better, deep learning and retained 
learning” (S13). 
 
Whilst most experts described the duration of the training programme in terms of time, a 
number a number of experts suggested that the duration of a training programme should be 
proficiency based;  
 
“the training should be proficiency-based not time-based...so you say, “Well, if you reach that stage, 
no matter how long it takes you to reach that stage, you’re fine” (S17). 
“until you’re (trainee assessor) calibrated” (S18). 
 
7.5.6.2 Post-Training Support 
 
A number of experts valued the notion of providing supported-learning after completing an 
initial training programme;  
 
“I would definitely support a programme that you sign up to that, that certainly involves supported 
training after the initial dip” (S15). 
“It shouldn't be just isolated to these one or two days or so...that doesn't make sense” (S03). 
“Contacting the members a week or two later, and maybe asking them to do a number of assessments 
and then discussing with you what they’ve found has worked and what hasn’t worked” (S13). 
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“some follow up or allowing them to do online exercises afterwards to get up to speed with expert 
ratings, and some means of discussing with people, you know, some distance, distant, not distant 
learning perhaps, but distant practice using web-based stuff, I think, could be really helpful” (S18). 
 
7.5.6.3 Refresher Courses 
 
A number of experts recommended that trainee assessors should attend refresher courses after 
completing the initial training; 
 
 “I think you need an initial session plus refresher and recurrent sessions” (S09). 
 
7.5.7 Proficiency Criteria for Non-Technical and Team Skill Assessors 
 
A number of experts described the difficulties of calibrating assessors, which extended not 
only to training novice assessors but also experienced assessors;  
 
“different people have different views on what is good and bad, and that’s the really fascinating bit 
about it.  And that’s what makes the, that’s the real challenge when it comes to assessment of non-
technical skills, is ensuring that you’ve got consistency across the raters" (S10). 
“It’s difficult...even expert assessors not, are not totally reliable...we like to think of ourselves expert, 
but shall we say experienced, we’ve been involved in it for many years. And even now we have 
disagreements” (S07).   
 
Experts considered whether the level of calibration deemed acceptable differed according the 
purpose of the assessment (e.g. to provide feedback, for research purposes, or for high-stakes 
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assessments).  There was some disagreement as to whether there should be different levels of 
proficiency depending on the purpose of the assessment;  
 
“I think it’s just as important that the feedback is based on accurate or as, as reliable an observation 
and rating of behaviour and judgement as possible. Because that’s still important feedback given to 
an individual, it’s got to be based on something” (S09). 
“why should it be less stringent for different purposes?” (S05). 
 
In contrast; “I think the aim of the assessment should drive the level of reliability” (S17). 
 
A number of experts suggested that the level of proficiency that assessors should reach before 
conducting high-stakes assessments should be more stringent that formative assessment;  
 
“if you’re going to hire and fire on the basis of this (non-technical and team skills assessment), then I 
wouldn’t be happy to be hired as an academic with a 0.7 reliability, I would expect 0.8, 0.9” (S17). 
“For high-stakes assessment one will want reliability to be very high...for example, you’d want 0.8 or 
above because for high-stakes one would want the confidence that these things matter.  For more 
formative assessments, then it’s probably more important that formative assessments are being 
done...one might accept lower standards to begin with and gradually work up” (S14).   
 
Furthermore, a number of experts believed that it was not necessary to stipulate any 
proficiency criteria for assessments conducted to provide formative feedback or for research 
purposes;  
 
“clinicians in the workplace, they are only going to be doing these assessments in order to give a bit 
of feedback. It doesn’t matter how reliable they are, it’s just to try and improve things” (S01). 
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“with regards to research you don't need a criteria. You just report what you've got, and then 
someone else can deem it reliable or not” (S03). 
 
Of note, a number of experts expressed a degree of uncertainty and difficulty in answering 
this question; 
 “Gosh, I don’t have an answer to that question...I suspect that the reliability needs to be more 
stringent for research purposes that for feedback purposes, but I don’t think I have an answer to that 
really” (S11). 
 
Interestingly, one expert highlighted the fact that clinicians involved in technical skills 
training and assessment are neither trained nor required to reach a pre-specified level of 
proficiency in order to provide trainee with feedback on technical performance; 
 
“consultants already assess trainees and they’re not taught how to do it for technical skills.  They just 
assume that they can do it for technical skills because that’s what they do” (S07). 
 
7.5.8 Revalidation of Non-Technical Skills Assessors 
 
Experts were asked to consider whether it would be beneficial to revalidate trainees’ 
proficiency in non-technical and team skills assessment. The majority of expert valued the 
notion of revalidating non-technical and team skills assessors; 
 
“As part of quality assurance, people carrying out assessments should be reviewed regularly that’s 
where the impact is...Again, regularly is going to be a compromise between, between feasibility and 
costs” (S14).  
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Whilst experts generally valued the revalidation of non-technical skill assessors, they were 
also aware of the logistic difficulties and inevitable cost associated with revalidating non-
technical and team skill assessors.  
 
7.5.9 Training Programme Evaluation 
 
Experts identified a number of facets that could be evaluated to determine the effectiveness of 
a training programme to train non-technical and team skills assessment, reaching far beyond 
the scope of evaluation that was extracted from the literature review. The majority of experts 
recommended a number of different methods of evaluation and thus a multi-faceted approach 
to evaluation.  A number of experts suggested evaluating trainees’ reaction to the training 
programme, however the value and strength of this level of evaluation was questioned; 
   
“reaction data doesn’t really wash well with medical audiences or people that hold the purse strings 
or make decisions about this” (S09). 
 
In addition, a number of experts suggested evaluating whether trained assessors carry out 
non-technical skill assessments in practice following completion of the training programme;  
“one big measure of effectiveness is if people actually are using it, say a month later.  I think that’s 
the biggest measure of all, in the first instance, do they actually use it” (S18). 
 
Some experts suggested that it was important to evaluate the perceived usefulness of non-
technical assessment tools to structure and provide feedback to trainees;   
 
“Does it help people guide trainees, does it help people spot trainees who are doing particularly well 
and could be fast tracked, or have particular challenges” (S18) 
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In line with the ‘Gold Standards’ approach to training pilot instructors to assess crew 
performance, the majority of experts recommended evaluating trainees calibration with an 
expert assessor; 
 
 “you need to have some, sort of, gold standards to evaluate people against, and see how closely they 
agree, and your obvious gold standard are the trainers” (S04). 
“how close they (trainee assessors) are to the expert assessment” (S01). 
 
Finally, a number of experts suggested evaluating the effectiveness of a training programme 
in relation to improvements in non-technical skill performance and patient safety. Whilst this 
level of evaluation was considered ideal, the challenges of determining the effectiveness of a 
training programme in this respect were acknowledged; 
 
 “In an ideal world, the learning outcomes would be that there would be tangible improvements in 
patient safety or the lack of critical incidents, but that’s a really fantastically difficult one to measure” 
(S13). 
 
7.6 Discussion 
 
To the best of my knowledge, this is the first study that elicits and synthesises experts’ views 
on the requirements and specification of a training programme for assessors of non-technical 
and team skills within operating theatres. Experts expressed a strong sense of the importance 
of providing extensive training to teach the assessment of non-technical and team skills 
assessors emerged. Many commonalities between experts’ views and the training 
programmes identified in the literature review were evident (e.g. theoretical content, target 
trainee assessors). However, due to the in-depth nature of my interviews with experts, a 
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unique insight into the rationale behind experts’ views and recommendations was uncovered. 
For example, whilst the training programmes identified in the literature review appeared to 
place little emphasis on the trainer(s) involved in the delivery of the training, experts spent a 
great deal of time describing the skills and attributes that trainers should possess not only to 
deliver the training programme but also from the perspective of the importance of such skills 
and attributes in validating the relevance of non-technical and team skills in the operating 
theatre and in motivating faculty to incorporate such skills assessments into clinical practice. 
Furthermore, the interviews revealed numerous recommendations that were neither adhered 
to nor explicitly discussed in the training programmes identified in the literature review. 
Firstly, the majority of training programmes identified in the literature review were less than 
two days in duration, [99, 148, 149, 196] whereas the majority of experts felt strongly that 
training assessors requires extensive training including the provision of post-training 
supported learning and refreshers courses. Secondly, the training programmes reviewed 
assessed trainees’ competency in rating non-technical and team skills immediately after 
completing the training, whereas experts valued the idea of revalidating non-technical skill 
assessors. Furthermore, experts discussed novel issues such as whether the purpose of non-
technical skill assessment had implications regarding the degree of proficiency that assessors 
ought to reach. Thus, the depth and breadth of experts’ views extend far beyond the training 
requirements extracted from the literature review – and indeed even the training guidelines 
set out in the ‘Gold Standards’ approach to training the assessment of crew performance. 
[152] 
 
Of note, experts described a strong sense of compromise and discrepancy between the 
elements of a training programme that were practical to incorporate and deliver, and the 
desirable elements of a training programme. My interpretation of this is that it likely reflects 
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the distinct discrepancies between the training programmes identified in the literature review 
(and their practical orientation) and the recommendations revealed in the interviews with 
experts (and their potentially ideal orientation).  
 
As previously mentioned, many commonalities between experts’ views and the training 
programmes identified in the literature review were evident (e.g. theoretical content, target 
trainee assessors). This finding is not overly surprising considering that a number of experts 
interviewed were involved in the delivery of the identified training programmes, thus experts 
appeared to strongly draw upon their experience of training assessors. This may have limited 
the scope of novel views and recommendations extracted from the interviews, however 
probing and expansive questioning somewhat minimised this limitation. Furthermore, 
considering the many novel recommendations that emerged from the present study this 
potential limitation appears to have had little impact of the results obtained. For example, 
whilst the primary measure of effectiveness of training programmes identified in the literature 
review was the calibration of trainee assessor with expert assessors, the majority of experts 
identified numerous evaluation methods. 
 
It is important to note that members of the expert consensus panel were identified through 
peer-reviewed publications and it is possible that a number of experts currently engaged in 
training faculty in the UK were not identified; it stands to reason that not all experts in this 
field are academics that contribute to the literature and have been involved in development of 
non-technical skill assessment tools. However, the strict inclusion criteria that experts had to 
have been involved in the development and/or psychometric testing of non-technical skills 
tools in surgery was employed to amass an expert consensus panel that would be recognised 
229 
 
internationally as ‘experts’ and leading contributors to the field on the basis of reasonably 
objective criteria.  
 
Finally, the inclusion criteria stipulated that experts had to be based in the UK. Despite the 
fact that the decision to target UK based experts was primarily driven by practical issues it is 
important to note that most of the non-technical skills tool developmental work has stemmed 
from researchers in the UK. However, other non-technical skill assessment tools have been 
developed outside the UK (e.g. Mayo High Performance Scale [96]). This limitation is 
currently being addressed; I have recently initiated an expert consensus survey-based study in 
the US, which is described in more detail in Chapter 9.   
 
7.7 Conclusions 
 
This chapter provides an in-depth exploration of the how best to train non-technical and team 
skills assessors and provides the first step towards defining and establishing expert-derived 
guidelines. Whilst there were many similarities in experts’ recommendations and views 
regarding how to train non-technical and team skills assessors, a clear consensus did not 
emerge regarding many of themes that were explored.  
 
In order to reach a formal expert consensus, the findings of the present study were fed into a 
Delphi-structured consensus survey. This formed of the latter stages of the expert consensus 
process and is the focus of the next chapter.  
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8 TRAINING FACULTY IN NON-TECHNICAL AND 
TEAM SKILLS ASSESSMENT: NATIONAL 
GUIDELINES ON TRAINING REQUIREMENTS 
 
8.1 Chapter Overview 
 
This chapter draws together the work presented in the previous chapter and details the latter 
stages of the Delphi process (set out in Chapter 7) that was utilised to reach expert-consensus 
on the training requirements to teach faculty to assess non-technical and team skills in the 
operating theatre. The results of expert-consensus surveys are presented, followed by the 
comprehensive guidelines that were developed. These guidelines are intended to be used by 
course developers to amass an adequate number of faculty trained in assessing non-technical 
and team skills in the operating theatre.  
 
8.2 Introduction 
 
The findings presented in the previous chapter provide the first step towards defining and 
establishing expert-derived guidelines regarding the training requirements to teach faculty to 
assess non-technical and team skills in the operating theatre. The literature review and the 
qualitative findings of the interviews highlight the increasing recognition among non-
technical and team skills experts of the importance of training faculty to ensure that 
assessment tools are used to provide reliable and valid assessments. The qualitative findings 
of the interviews presented in the previous chapter provide an in-depth and systematic 
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exploration of the training requirements to teach faculty to assess non-technical and team 
skills of operating theatre teams, however reaching consensus among experts cannot be 
fulfilled simply through interviewing. Furthermore, it is apparent that these findings need to 
be refined into something more ‘digestible’ to be of practical use to training programme 
developers: guidelines based on expert consensus.   
 
8.3 Aims 
 
The aims of the present chapter are twofold:  
 
1) To reach expert consensus on the training requirements to train faculty to assess non-
technical and team skills. 
2) To develop expert-derived, consensus-based guidelines of the training requirements to 
teach faculty to assess non-technical and team skills  
 
8.4 Methods 
 
The Delphi process that was employed in this study is detailed in Chapter 7. Figure 8.1 
displays the flow diagram of the consensus methodology, highlighting the latter stages of the 
Delphi process that are presented in this Chapter (highlighted in blue).   
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Figure 8.1 Flow Diagram of Consensus Methodology (adapted from Jones et al, 1995) 
[195] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Participants rescore agreement or disagreement in light of group's 
responses (Chapter 8) 
Report Findings 
 Test results 
Results Analysed 
for Agreement and 
Degree of 
Consensus 
Expert-derived guidelines developed 
Results tested (Chapter 9) 
Second Round of 
Delphi 
Survey drafted based on interview findings and sent electronically to 
all experts.  
 Responses analysed for agreement and consensus 
 Survey repeated, identical to first (but incorporating group's 
second round responses) produced and sent electronically to 
experts 
 
(Chapter 8) 
Third Round of 
Delphi 
First Round of 
Delphi 
Interviews to develop initial list of the Training Requirements for the 
Assessment of Non-Technical Skills in Surgery 
 Opinions categorised under common headings (Chapter 7) 
Definition of 
Problem 
Scoping review of the literature highlights the lack of guidelines and 
recommendations on the training requirements for faculty to assess 
non-technical and team skills in the operating theatre (Chapter 7) 
Selection & Recruit 
of Experts 
Inclusion Criteria: 
1. Development and/or psychometric testing of non-technical skills 
and teamwork assessment measures in surgical contexts and/or  
2. Extensive experience of assessing non-technical skills in surgery 
evidenced and 
 3. Based in the UK               
 
20 experts identified (Chapter 7) 
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8.4.1 Delphi Process: Round 2 
 
A Delphi survey was developed based on the themes that emerged from the interviews 
(presented in Chapter 7). After piloting, the first round of the survey was emailed to the 19 
Expert Panel members. Experts responded to questions about key features of a training 
programme to train faculty to assess non-technical and team skills. In addition, space for free-
text comments was made available. Two reminders were issued to all expert panel members 
two and four weeks after initial contact and the final response rate was 100%. Survey 
responses were entered into SPSS v.19 and descriptive analyses were carried out 
(frequencies, median scores, range of scores). These were then fed into Round 3 of the Delphi 
process.  
 
8.4.2 Delphi Process: Round 3 
 
Round 3 of the Delphi process provided feedback to the Expert Panel members of both their 
own responses and those of the entire panel in Round 2. This method allowed participants to 
reconsider their responses in the light of the group response. An example of the feedback 
provided to expert panel members in the ‘individualised’ surveys is presented in Figure 8.2. 
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Figure 8.2 Individualised Feedback Provided to Experts in Round 3 of the Delphi 
Process 
 
 
In the previous survey, experts were asked the following question: Which option do you 
favour most regarding the professional background of the trainer(s)? The pie chart below 
displays how experts responded:  
 
 
 
Clinicians from a combination of specialities (e.g. surgeons AND anaesthetists) AND 
psychologists/human factors experts in surgery 
 
Clinicians (e.g. surgeons, nurses OR anaesthetists) AND psychologists/human factors experts in 
surgery 
 
Clinicians AND psychologists/human factors experts in surgery, AND NTS experts from other high-
risk industries (e.g. aviation) 
 
 Psychologists/human factors experts (domain expertise) ONLY (0%) 
 
 Clinicians (with human factors expertise) ONLY (0%) 
 
 
 
Your response to this question was: Clinicians (surgeons, nurses, OR anaesthetists) AND 
psychologists/human factors experts in surgery 
Considering the responses from the other experts, from the 5 options below, which 
option do you favour most regarding the professional background of the trainer(s): 
 Clinicians (surgeons, nurses, OR anaesthetists) AND psychologists/human factors experts in surgery 
Clinicians (surgeons, nurses, OR anaesthetists), AND psychologists/human factors experts in surgery,  
AND NTS experts from other high-risk industries (e.g. aviation) 
Clinicians from a combination of specialities (e.g. surgeons AND anaesthetists/nurses) AND 
psychologists/human factors experts in surgery 
Psychologists/human factors experts (domain expertise) ONLY 
Clinicians (with human factors expertise) ONLY 
42.1% 
31.6% 
26.3% 
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As in Round 2, reminders were sent to participants two and four weeks after initial contact 
and the final response rate was again 100%. 
 
As recommended by Fink et al, [197] I defined the inclusion criteria for the Delphi process a 
priori. For statements that yielded numerical scores (scale of 1-9) an inter-quartile range of 2 
was used to indicate consensus and a median score of 8 to determine inclusion. For binary 
statements (yes/no) 70% agreement was used to indicate consensus.  
 
8.5 Results 
 
8.5.1 The Trainers  
 
8.5.1.1 Composition of Training Experts 
 
Formal consensus (i.e. 70%) was not reached regarding the exact composition of trainers 
responsible for teaching faculty. Figure 8.3 displays the responses provided by the Expert 
Consensus Panel (ECP) in relation to the composition of training experts. 
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Figure 8.3 Composition of Training Experts 
 
 
Clinicians from a combination of specialities (e.g. surgeons AND anaesthetists) AND 
psychologists/human factors experts in surgery 
 
Clinicians (e.g. surgeons, nurses OR anaesthetists) AND psychologists/human factors experts in 
surgery 
 
Clinicians AND psychologists/human factors experts in surgery, AND NTS experts from other high-
risk industries (e.g. aviation) 
 
 Psychologists/human factors experts (domain expertise) ONLY (0%) 
 
 Clinicians (with human factors expertise) ONLY (0%) 
 
 
 
The above results indicate that the ECP agreed that the training program should be delivered 
by a multi-disciplinary team consisting of clinicians and psychologists/human factor experts. 
The most favoured training faculty composition included clinicians from a combination of 
specialities (e.g. surgeons AND anaesthetists/nurses) AND psychologists/human factors 
experts in surgery; 57.9% of the ECP favoured this option. Of note is that fact that no 
57.9% 
31.6% 
10.5% 
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member of the ECP believed that the training should be delivered solely by clinicians or 
solely by psychologists/human factor experts.  
 
8.5.1.2 Seniority and Attributes of Training Experts 
 
The ECP reached consensus that clinical faculty members delivering training in non-technical 
and team skills assessment need not be consultant clinicians (84.2% agreed this was not 
essential i.e. absolutely necessary),  nor of equal or higher seniority to those being trained 
(again 84.2% agreed this was not essential).  The ECP reached consensus and identified six 
essential (i.e. absolutely necessary) attributes of the training experts who should deliver a 
train-the-trainers programmes. These are detailed in Table 8.1 below. 
 
Table 8.1 Essential Attributes of Training Experts 
  PERCENTAGE OF ECP THAT 
CONSIDERED ATTRIBUTE 
ESSENTIAL 
T
R
A
IN
E
R
 
A
T
T
R
IB
U
T
E
 
Expertise in non-technical skills 100% 
Good technical and non-technical skills 100% 
Credibility 94.7% 
Interest in patient safety 84.2% 
Ability to teach and train 84.2% 
Good communication skills 78.9% 
 
In additional, the ECP agreed that it was desirable if training experts had an understanding of 
educational theory.  
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8.5.2 Faculty  
 
8.5.2.1 Professional Background of Faculty: Who should the ‘Train-the-Trainers’ 
programme be aimed at? 
 
The ECP considered whether the background of the faculty being trained as part of a training 
programme should differ depending on the intended outcome of the training. The ECP was 
presented with a number of differing faculty compositions that they were required to indicate 
whether they favoured or did not favour each composition. This allowed the ECP to favour 
more than one of the faculty compositions that were presented.  
 
High-Stakes Assessment 
 
The ECP agreed that if the purpose of the training was to carry out high-stakes assessments 
(e.g. for surgical selection or revalidation/recertification), only senior clinicians (89.5% of the 
ECP favoured this option) and clinicians who regularly provide training and assessment 
(73.7% of the ECP favoured this option) should be targeted as faculty. In addition, the ECP 
agreed that junior and senior trainee clinicians (100% and 89.5% respectively), operating 
theatre managers (100%), psychologists/human factors experts (100%) should not be targeted 
as faculty if the purpose of training was to carry out high-stakes assessments. Finally, the 
ECP did not reach agreement as to whether psychologists/human factors experts alongside 
clinicians should be targeted as faculty for high-stakes assessments (42.1% favoured this 
faculty composition).  
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Formative Feedback 
 
The ECP agreed that if the purpose of the training was to conduct assessments to provide 
formative feedback in the workplace, senior clinicians (94.7%) and clinicians who regularly 
provide training and assessment (89.5%), as well as psychologists/human factors specialists 
alongside clinicians (84.2%) should be targeted as faculty. The ECP agreed that junior trainee 
clinicians (100% ), operating theatre managers (94.7%), solely psychologists/human factors 
experts (78.9%) should not be targeted as faculty if the purpose of training was to conduct 
assessments to provide formative feedback. The ECP did not reach agreement as to whether 
senior trainee clinicians should be targeted as faculty to provide formative feedback (42.1% 
favoured this faculty composition).  
 
Assessments for Research Purposes 
 
For learning how to carry out assessments for research purposes, the ECP agreed on training 
clinicians alongside psychologists/human factors experts (94.7%), psychologist/human 
factors experts (78.9%), clinicians involved in training and assessment (73.7%). The ECP 
agreed that operating theatre managers (100%), junior and senior trainee clinicians (100% 
and 84.2% respectively) should not be targeted as faculty if the purpose of training was to 
carry out assessment for research purposes. The ECP did not reach consensus as to whether 
senior clinicians should be targeted as faculty (63.2% did not favoured this option). 
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8.5.2.2 Discipline-Specific Training Programmes 
 
Experts were asked whether a training programme should be discipline specific (e.g. surgeons 
should be trained to assess surgeons, but not operating theatre nurses and anaesthetists); 
consensus was not reached: 42.1% agreed and 57.9% disagreed.   
Experts were also asked whether a generic training programme (‘one-size fits all’) would be 
suitable to be attended by professionals from different backgrounds (e.g. clinicians and 
psychologists/human factors specialists). Experts were split: 47.4% agreed, 47.4% disagreed, 
and 10.5% were neutral. However, experts did agree (94.7%) that there would be certain 
generic components of a training programme would be suitable to trainee faculty of different 
professional backgrounds. 
 
8.5.3 Faculty Competency: what is the acceptable level of proficiency?  
 
8.5.3.1 Level of Proficiency: Performance Feedback 
 
Experts agreed that the minimum level of calibration that assessors should reach with ‘expert’ 
non-technical skills assessor must exceed intra-class correlation coefficients of 0.60 (94.6% 
agreement), however formal consensus was not reached regarding the exact level of 
proficiency that assessors providing performance feedback must reach. The most favoured 
option was intra-class correlations between 0.61-0.70 (47.4%), followed by intra-class 
correlation coefficients of 0.71-0.80 (26.3%).  
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8.5.3.2 Level of Proficiency: Assessment for Research Purposes 
 
Experts reached consensus that the level of competency that should be reached by assessors 
that provide assessment for research purposes ought to be more stringent than assessments for 
feedback performance. Experts agreed that the minimum level of calibration that assessors 
should reach with ‘expert’ non-technical skills assessor must exceed intra-class correlation 
coefficients of 0.70 (89.5%), with 42.1% of experts stating that the level of calibration should 
exceed intra-class correlation coefficients of 0.80. 
 
8.5.3.3 Level of Proficiency: High-Stakes Assessments 
 
Experts reached consensus that the level of competency that should be reached by assessors 
that provide high-stakes assessments ought to be more stringent than assessments for 
feedback performance. Experts agreed that the minimum level of calibration that assessors 
should reach with an ‘expert’ non-technical skills assessor must exceed intra-class correlation 
coefficients of more than 0.70 (100%), with 47.4% of experts stating that the level of 
calibration should exceed intra-class correlation coefficients of 0.80. 
 
8.5.4 Revalidation/Recertification: How often should be faculty be revalidated? 
 
The ECP agreed that a single assessment of newly trained faculty’s competency (immediately 
post-training) is insufficient regardless of the purpose of non-technical skill assessment 
(94.7%). 
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8.5.4.1 Faculty Revalidation: Formative Feedback 
 
For formative feedback the most favoured frequency was once a year (63.2% agreed). 
Experts agreed that revalidation every 6 months is too frequent (94.7% agreed), and every 2 
years is too infrequent (73.7% agreed).  
 
8.5.4.2 Faculty Revalidation: Research Purposes 
 
For research purposes the two most favoured frequencies were every 6 months and once a 
year (42.1% and 42.1% respectively agreed). Experts agreed that revalidation every 2 years is 
too infrequent (89.5% agreed). 
 
8.5.4.3 Faculty Revalidation: High-Stakes Assessments 
 
For high-stakes assessment, the ECP considered that faculty assessing non-technical skills 
should be revalidated every year (78.9% agreed). Experts agreed that revalidation every 6 
months is too frequent (89.5% agreed), and every 2 years is too infrequent (89.5% agreed). 
 
8.5.6 Training Programme Requirements 
 
8.5.6.1 Content of Training Programme  
 
The ECP reached consensus on seven essential elements of a training programme. These are 
detailed in Table 8.2 below.  
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Table 8.2 Essential Content of Training Programme 
   
PERCENTAGE OF ECP THAT 
CONSIDERED CONTENT 
ELEMENT ESSENTIAL 
C
O
N
T
E
N
T
 E
L
E
M
E
N
T
S
 
Introduction to non-technical skill assessment 
measures/tools 
100% 
Training in the recognition of non-technical 
skills 
100% 
Practice in rating non-technical skills 100% 
Theoretical background on non-technical 
skill/human factors applied to 
healthcare/surgery 
94.7% 
Training in providing feedback and debriefing 
following a non-technical skill assessment 
94.7% 
Limitations of non-technical skill assessments 
(e.g. rating errors) *5.3% missing data 
89.5% 
 
Implications of non-technical skill assessments 89.5% 
 
 
The ECP agreed that pre-training material (73.7% agreed) or educational theory unpinning 
the training programme (73.7%) was not essential. The ECP did not reach agreement as to 
whether the following content elements were essential: discussion of non-technical skill 
ratings and calibration exercises (68.4% deemed this essential); psychometric properties (i.e. 
reliability and validity) of non-technical skills assessment tools (36.8% deemed this 
essential); theoretical background of non-technical skills/human factors applied to other high-
risk industries (e.g. aviation) (31.6% deemed this essential). In addition, discussion of non-
technical skill ratings and calibration exercises were deemed as highly desirable but not 
essential content elements of a training program.  
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8.5.7 Training Programme Delivery  
 
8.5.7.1 Methods for Observing and Rating Non-Technical and Team Skills 
 
The ECP considered video-clips as both practical and desirable methods for teaching faculty 
to practice observing and rating non-technical and team skills. Live observations were 
considered desirable but not practical. A live feed from the operating theatre, simulation, 
written scenarios, and role play were neither considered practical nor desirable. 
 
8.5.7.2 Duration of Training Programme 
 
The ECP considered a half-day training programme to be practical but undesirable. They 
agreed that a 2-day competency-based training programme with post-training support (e.g. 
email/telephone support) and the availability of a refresher course was highly desirable.  
 
8.5.7.3 Ratio of Trainers to Faculty 
 
Consensus was not reached regarding the optimum ratio of trainers to faculty. The most 
favoured option was a trainer: faculty ratio of 1:12 or more for theoretical components of the 
training (36.8% favoured this option) and a trainer: faculty ratio of 1:4-6 for practical 
components (63.2% favoured this option). 
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8.5.8 Training Programme Evaluation  
  
The ECP reached consensus and identified eight essential methods of evaluation. These are 
detailed in Table 8.3 below.  
 
Table 8.3 Essential Methods of Training Programme Evaluation 
 
  PERCENTAGE OF ECP 
THAT CONSIDERED 
EVALUATION 
METHOD ESSENTIAL 
E
V
A
L
U
A
T
IO
N
 M
E
T
H
O
D
S
 
Non-technical and team skill recognition 94.7% 
Usage of tool in practice following training 
programme completion 
94.7% 
Improvement in non-technical skill/patient safety (for 
clinician/nurse trainees) 
84.2% 
Calibration (i.e. reliability) with an 'expert' non-
technical and team skill assessor (immediately after 
completion of initial training programme) 
84.2% 
Skill in non-technical and team skill numerical rating 
(ability to use behavioural anchors to assign numerical 
ratings) 
78.9% 
Confidence in non-technical skill assessment 78.9% 
Change in own clinical practice (incorporation of non-
technical skill assessment for clinician/nurse trainees) 
78.9% 
Perceived usefulness of non-technical and team skill 
assessment 
73.7% 
 
The  ECP agreed that evaluating the cost effectiveness of the training programme was not 
essential (83.3% agreed).The ECP did not reach agreement as to whether the following 
evaluation methods were essential; acquisition of knowledge (pre-post evaluation) (31.6% 
deemed this essential); post-course evaluation (47.4% deemed this essential), perceived 
246 
 
usefulness of non-technical and team skill assessment (from operating theatre team-members 
who receive non-technical and team skills feedback) (57.9% deemed this essential).  
Whilst not considered essential, perceived usefulness of non-technical skill assessment (from 
operating theatre team-members who receive non-technical and team skills feedback) was 
considered a desirable method of evaluation.  
 
8.6 Guideline Development 
 
Box 8.1 presents the expert-derived guidelines on the requirements of a ‘train-the-trainers’ 
programme to assess non-technical and team skills in the operating theatre. These guidelines 
synthesise the results presented in the previous section. 
 
 
Box 8.1: Guidelines on the Requirements of a ‘Train-the-Trainers’ Programme to Assess Non-
Technical and Team Skills 
  
 
1. Trainers: Who should deliver the ‘Train-the-Trainers’ programme 
 
 Multi-disciplinary team consisting of clinicians and psychologists/human factors experts.  
 
 
2. Faculty: Who should the ‘Train-the-Trainers’ programme be aimed at? 
To provide performance feedback within clinical practice:  
 Senior clinicians (Consultant-level surgeons/anaesthetists, senior operating theatre nurses) 
 Clinicians and psychologists/human factors experts (alongside clinicians) 
 
 
To provide carry out assessment for research purposes: 
 Clinicians that regularly provide training and assessment 
 Psychologists/human factors experts (alongside and/or in isolation to clinicians) 
 
 
To provide high-stakes assessments (e.g. for surgical selection or revalidation/recertification):  
 Senior clinicians (Consultant-level surgeons/anaesthetists and senior operating theatre nurses) 
 Clinicians that regularly provide training and assessment  
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3. Proficiency/Revalidation 
Proficiency 
 To provide performance feedback within clinical practice: Minimum intra-class correlation 
coefficients of 0.61-0.70 
 To carry out assessment for research purposes: Minimum intra-class correlation coefficients 
0.71-0.80 
 To provide high-stakes assessments: Minimum intra-class correlation coefficients 0.71-0.80 
 
Revalidation: Faculty should be assessed annually if providing high-stakes assessments 
 
 
4. Training Programme Content 
 
 Theoretical background on non-technical skills and human factors applied to healthcare/surgery 
 Introduction to non-technical skill assessment tools 
 Training in the recognition of non-technical and team skills 
 Practice in rating non-technical and team skills 
 Training in providing feedback/debriefing following a non-technical and team skill assessment   
 Limitations of non-technical and team skill assessment (e.g. rating errors) 
 Implications of non-technical and team skill assessments 
 
 
5. Training Programme Delivery 
 Methods: Video clips for practising observing and rating non-technical and team skills 
 Duration: 2 full-days, proficiency/competency-based training, support after initial training, and 
refresher course(s) 
 Ratio of Trainers to Faculty: 1:12 or more for theoretical components, 1:4-6 for practical 
components of the training. 
 
 
6. Methods of Evaluation 
 
 Ability to recognise non-technical skills  
 Ability to rate non-technical and team skills (ability to use behavioural anchors to assign 
numerical ratings)  
 Utilisation of non-technical and team skills assessment tools in practice following training 
programme completion 
 Perceived usefulness of non-technical and team skills assessment from operating theatre team-
members who receive non-technical and team skills feedback. 
 Improvement in non-technical and team skills performance/patient safety 
 Confidence in non-technical and team skills assessment 
 Positive change in newly trained faculty’s own clinical practice (to incorporate non-technical 
skill assessment) 
 Calibration (i.e. reliability) with an expert non-technical and team skills assessor 
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8.7 Discussion 
 
Education, training and assessment of non-technical and team skills are recognized as an 
important mechanism to improve patient safety in the operating theatre. [94, 201, 202] 
Training faculty to assess non-technical and teams skills has been described as a significant 
burden with previous attempts being largely unsuccessful. [196] Training faculty is an 
important endeavour, particularly in light of existing evidence that suggests that operating 
theatre team members are unable to accurately self-assess their non-technical and team skills. 
[105, 203]  
 
8.7.1 Key Findings 
 
This study developed expert-derived guidelines for training faculty to provide reliable and 
valid non-technical and team skills assessments in the operating theatre. The study 
established consensus on who should deliver the training programme, who should be trained 
as faculty (including proficiency and revalidation/ recertification requirements) as well as the 
content, duration and evaluation of such a programme. It is, to the best of my knowledge, the 
first systematic attempt to establish guidelines for training non-technical and team skills 
faculty which utilises a robust, multi-method approach and a multi-disciplinary panel of 
world experts in this field. Incorporating these guidelines into ‘train-the-trainers’ programmes 
can provide a platform for the effective integration of non-technical and team skills into the 
training and assessment of operating theatre team members, thereby promoting patient safety 
and quality of care. 
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8.7.1.1 Training Assessment of Skills 
 
The premise that faculty ought to be trained before assessing others to ensure quality control 
is not novel to surgery or unique to non-technical and teams skills or due to non-technical 
assessment tools being ‘cumbersome’. If one considers the assessment of surgeons’ technical 
skills (i.e., psychomotor coordination and dexterity) a recent systematic review found a range 
of inter-rater reliabilities ranging from 0.007 to 0.96. [110] In the same review, examining 
only the studies that used the Objective Structured Assessment of Technical Skills (OSATS; 
checklist and global rating scale) to assess technical skill, inter-rater reliabilities ranged 
between 0.28 and 0.95. Even in assessing technical skills, therefore, which are thought to be 
easier to assess than behavioural (e.g. communication and teamwork) and cognitive (e.g. 
decision-making and situational awareness) skills and even using a tool that is arguably the 
best-known, mostly widely employed, and straightforward system to assess surgeons’ 
technical performance it follows that accurate and reliable assessments require training. Thus, 
it appears that assessing others’ skills is a skill in itself.  The current study provides an 
evidence-based framework within which this skill, in respect to non-technical and team skills, 
can be effectively taught. This approach reflects the ‘Gold Standard Approach to Training 
Instructors to Evaluate Crew Performance’ adopted by the aviation industry. [152, 153] In 
other aspects of training programme requirements, however, the expert panel did not follow 
their peers in other industries: consensus was not reached regarding the necessity for 
calibration exercises when rating non-technical skills. [152, 153] This finding was 
particularly surprising but may reflect the lack of time available in clinical settings to undergo 
extensive calibration. However, without such calibration, the reliability of assessments 
conducted by newly trained faculty should be treated with caution.   
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8.7.2 Limitations 
 
The present study is not without limitations. Recruitment of the ECP based on literature 
review and snowball sampling resulted in a UK-based cohort of experts.  The recommended 
guidelines and resources required to develop a faculty training programme may thus require 
further refinement before implementation in other countries. For example, whilst clinicians 
and educators in the UK have access to robust non-technical and teamwork assessment tools, 
this is not the case in other countries.   This is an issue that is currently being addressed; I am 
currently involved in projects translating and validating OTAS into German, Turkish and 
Spanish.   
 
Furthermore, the success of the study hinged heavily on the considerable time and continued 
commitment of the experts that formed the consensus panel, this study achieved a 100% 
response rate from all participating experts – thereby overcoming a common limitation of this 
methodology in terms of declining response rates between rounds. Importantly, the experts 
selected are true experts in the field, having led the development and validation of numerous 
well-published and validated assessment tools.   Furthermore, a widespread concern with all 
studies utilising the Delphi technique is that although consensus may have been reached 
among a group of experts regarding a particular topic/problem, this does not guarantee that 
the ‘correct’ answer/solution has been established. As previously pointed out by Keeney et al, 
[204] the Delphi process should not be considered as a replacement for further rigorous 
scientific evaluation. Thus the effectiveness of training programmes that incorporate these 
guidelines should be prospectively evaluated using robust designs, [204] this is the focus of 
Chapter 8. 
251 
 
8.7.3 Implications of Findings 
 
The detailed specification of guidelines for faculty training established in this study (Box 
8.1), carries several implications for non-technical and team skills training and assessment. 
The expert-derived guidelines highlight the significant investment of resources which would 
be required to amass an adequate number of faculty that are able to assess non-technical and 
team skills to an acceptable level of proficiency. Experts agreed that completion of an in-
depth training programme consisting of theoretical and practical components, ought to be 
followed by supported learning and refresher courses, as well as revalidation of non-technical 
skill assessment proficiency at regular intervals. At an organisational level it is clear the 
provision of resources to support faculty development is required. As indicated above, this 
includes both initial and sustained investment for novice faculty to attend initial training and 
refresher courses. Although the guidelines produced can serve as a foundation from which to 
develop faculty training programmes, given the level of resource and expertise required a 
potential solution may be the central development of a programme and its materials, which 
can then be made available to other institutions. Development of a train-the-trainers 
programme that includes a web-based component appropriate for distance learning, or one 
which is available as an e-learning module, may be another option that ensures feasibility and 
practicality in delivery. 
 
A further implication of this study is that the guidelines provided could help to train non-
clinical faculty thereby overcoming the poor availability of clinical instructors. The ECP 
agreed that non-clinical faculty could serve as assessor for formative feedback and 
assessments for research purposes. To achieve this goal, programme developers should use 
these guidelines to design or commission relevant faculty training programmes. The ultimate 
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return on investment is likely to span beyond building capacity and capability in non-
technical and team skills assessment; it will equip the next generation of operating theatre 
teams with the necessary non-technical and team skills to enhance the delivery, quality and 
safety of care.  
 
8.8 Conclusion 
 
This study provides expert-derived guidelines for training faculty to assess non-technical 
skills and team skills in the operating theatre. In doing so, it mirrors best practice seen in the 
aviation. The next step is to prospectively evaluate the effectiveness of training programmes 
that incorporate the guidelines. This is the focus of the next chapter. 
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9 ASSESSMENT OF TEAM SKILLS: DEVELOPMENT, 
PILOTING AND EVALUATION OF A ‘TRAIN-THE-
TRAINERS’ PROGRAMME 
 
 
9.1 Chapter Overview 
 
This chapter draws together the work presented in Chapters 7 and 8. The development of a 
training programme to train faculty to assess team skills is firstly described. The piloting of 
two training sessions and a multi-level evaluation of the training programme is presented to 
determine its effectiveness. 
 
9.2 Introduction 
 
There is growing evidence that non-technical and team skills are critical for patient safety in 
the operating theatre. Work presented in this Thesis has identified and addressed an array of 
challenges to the integration of workplace-based assessment of non-technical and team skills 
in the operating theatre. The availability of psychometrically robust assessment tools is vital 
to ensure that non-technical and team skills are captured and assessed in a reliable and valid 
manner. Chapter 5 presented the content validation and refinement of the Observational 
Teamwork Assessment for Surgery (OTAS) tool. Whilst the availability of robust assessment 
tools is critical, it is not in itself sufficient to ensure that the resultant assessment is 
meaningful, reliable and valid.  My previous research indicates that the assessment of non-
technical and teamwork skills is a skill in itself, that requires training. As highlighted in 
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Chapter 7, guidelines and recommendations on the training requirements for faculty who 
deliver non-technical skills teaching and assessment in the operating theatre is lacking. To 
address this implementation challenge an expert consensus study was conducted to identify 
the training requirements to train faculty to assess non-technical and team skills (Chapters 7- 
8). This resulted in the development of expert-derived guidelines for faculty training. 
However, the effectiveness of any training programme that incorporates the expert-derived 
guidelines remains to be empirically demonstrated.   
 
9.3 Aims 
 
3) To develop a training programme to train faculty to assess team skills incorporating 
expert-derived guidelines  
4) To pilot and evaluate the effectiveness of the training programme 
 
9.4 Methods 
 
Development of the training programme was guided by the results of the expert consensus 
study presented in Chapters 7 and 8. The following section provides a detailed description of 
the training programme and rationale underpinning each aspect of the training (from the 
selection of trainers, to the development of video clips to practice observing and assessing 
teamwork, to the development of materials to evaluate the effectiveness of the programme). 
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9.4.1 Training Programme Development 
 
9.4.1.1 The Trainers 
 
The most favoured training faculty composition identified in the Expert Consensus study, 
included clinicians from a combination of specialities (e.g. surgeons and anaesthetists/nurses) 
and psychologists/human factors experts in surgery. Therefore, a multi-disciplinary team 
consisting of clinicians and psychologists was recruited to deliver the training programme. 
The four psychologists involved in delivering the training programme had extensive 
experience of non-technical and teamwork assessment in the operating theatre (myself: 200+ 
observations, 4 yrs research experience; Stephanie Russ: 500+ observations, 3 yrs research 
experience; Nick Sevdalis: 150+ observations, 8 yrs research experience; Charles Vincent, 5 
yrs research experience). The clinicians approached to deliver the training programme were 
all Consultants with an interest in patient safety; and acted as clinical champions. Three 
consultant clinicians were involved in delivering the training programme; three surgeons; two 
Consultants (Peter McCulloch, Oxford University and Krishna Moorthy, Imperial College 
London), one fellow (Shabnam Undre, Imperial College London), and one Consultant 
anaesthetist (Bryn Baxendale, Nottingham University). The composition of trainers across the 
two pilot sessions is detailed in Table 9.1. 
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Table 9.1 Trainer Composition across the Pilot Training Sessions  
 
  
Pilot Session 1 Pilot Session 2 
P
ro
fe
ss
io
n
a
l 
B
a
ck
g
ro
u
n
d
  
 
Psychologists 
 
Louise Hull 
Stephanie Russ 
Nick Sevdalis 
Charles Vincent 
 
 
Louise Hull 
Stephanie Russ 
Nick Sevdalis 
 
 
 
Clinicians 
 
Bryn Baxendale (Anaesthetist) 
Peter McCulloch (Surgeon) 
 
 
Krishna Moorthy (Surgeon) 
Shabnam Undre (Surgeon) 
 
 
9.4.1.2 Participants/Faculty 
 
As recommended by the expert consensus panel, the training programme was targeted at 
consultant (and post-Certificate of Completion of Specialist Training (CCST)) surgeons and 
anaesthetists, and senior operating theatre nurses. The workshop was advertised on the Centre 
for Patient Safety and Service Quality (CPSSQ) website (www.cpssq.org) and on the Clinical 
Human Factors Group website (CHFG) (www.chfg.org). Furthermore, the Royal College of 
Anaesthetists advertised the course via email. Please see Appendix C for course flyer.  
 
9.4.1.3 Training Programme Delivery: Venue and Course Structure 
 
The training programme was held at St Mary’s Hospital in the Department of Surgery and 
Cancer and was delivered in the format of a workshop. The program was structured to consist 
of a mixture of didactic teaching (lecture-based presentations), interactive tasks, small-group 
activities, and group discussions. A strong emphasis was placed on interaction, and to 
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promote maximum interaction and discussion participants were arranged into small groups of 
two to five, and seated around round tables. 
 
9.4.1.4 Observing and Assessing Teamwork Skills: Video Development 
 
The Observational Teamwork Assessment for Surgery (OTAS) tool was selected as the 
assessment tool for participants/faculty to be trained. This tool was selected as it is one of the 
most psychometrically robust measures of teamwork available for assessing the teamwork in 
the operating theatre, [62-64, 137] was developed by members of the research team, and has 
been the assessment measure of focus throughout this Thesis. 
 
Video scenarios depicting varying levels of performance on the 5 behavioural constructs of 
OTAS were developed to train faculty to observe and assess team skills in the operating 
theatre. This method was selected as it was identified as the preferred method, both in terms 
of practicality and desirability, for training non-technical skill assessment in the expert 
consensus study. Whilst it is recommended that video clips display ‘real-life’ performance, 
[153] as opposed to simulated scripted scenarios this was not possible due to previous 
reluctance of theatre teams to be video recorded. Furthermore, simulated scenarios allow 
varying levels of performance to be captured on ‘demand’, especially at the lower and upper 
end of an assessment scale, which can be difficult to capture in ‘real-life’ due to the low 
frequency of such performance levels.  
 
The scenarios were developed based on my own experiences of observing and assessing 
teamwork performance in the operating theatre using OTAS and advice from clinicians to 
ensure that the scenarios were realistic. The scenarios were carefully designed to ensure that a 
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number of exemplar behaviours of OTAS were observable. As OTAS assesses and 
distinguishes between the pre, intra, and post-operative phases of surgery, video scenarios 
were produced for each operative phase. In total 20 video clips were produced. 
 
Clinicians were recruited to 'play' their own clinical role in the simulated video scenarios to 
ensure that the videos were realistic. When this was not possible, roles where acted by 
members of the research team (i.e. either medics or researchers (non-clinicians) with 
extensive experience in teamwork observation and assessment). When possible, the research 
team ‘acted’ secondary roles only (i.e. circulating staff). To ensure maximum fidelity, when 
possible the videos were shot in a real operating theatre (pre-, intra-, and post-operative) and 
recovery suite (post-operative). This involved shooting the videos on the weekend when 
theatre availability was high.  On the second day of filming (week day) there were no theatres 
available so the videos were shot in the Simulated Operating Suite (SOS) based at St Mary’s 
Hospital.  The SOS is a high-fidelity simulation suite which is an exact replica of an 
operating theatre. A professional film company (Brickwall Health Ltd) was commissioned to 
record and produce the videos. All videos were subtitled. Seven videos were selected to be 
used in the training programme, details of the order of presentation, operative phase and 
scenario depicted in each video is detailed in Table 9.2.   
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OPERATIVE 
PHASE 
 
SCENARIO DESCRIPTION 
 
 
V
ID
E
O
 S
C
E
N
A
R
IO
 &
 O
R
D
E
R
 O
F
 P
R
E
S
E
N
T
A
T
IO
N
 
    
  
Pre- and Post-
Assessment Video 
Intra-Operative 
 
Teaching list involving an inexperienced surgical assistant completing the procedure (and 
the list) and senior surgeon attentive and supportive in teaching approach. Anaesthetist is 
visibly frustrated at slow progress of case/list and complains persistently to the senior 
surgeon over the length of time that the list is taking. Tension increases between the 
surgical and anaesthetic sub-teams as a result of the anaesthetist’s persistent complaints. 
 
 
Training 
Video 1 
 
Pre-Operative 
 
Circulating nurse leads the ‘time-out’ of the WHO checklist. Senior surgeon is not 
present, assistant surgeon encourages the circulating nurse to start the checklist without 
the surgeon. Circulating nurse is hesitant, but starts the checklist. Anaesthetist is not fully 
engaged with team and is on her mobile phone (non-work related). Senior surgeon 
arrives for the case and does not cooperate with the completing the checklist. Circulating 
nurse results in completing the checklist without the support of the surgical and 
anaesthetic sub-teams. 
 
 
Training 
Video 2 
 
Pre-Operative 
 
Senior anaesthetist leads the ‘time-out’ of the WHO checklist. All team members are 
present and pause for the ‘time-out’ and are fully engaged in completing the checklist . 
All checks completed (consent, patient identification, procedure, anticipated blood loss, 
antibiotics etc). Specific equipment requirements discussed between nursing and surgical 
team. Surgical sub-team confirms readiness with all team members before proceeding to 
start the operation.  
 
Training  
Video 3 
Intra-Operative 
 
Teaching list involving an inexperienced surgical assistant completing the procedure (and 
the list) and senior surgeon is visibly frustrated at the slow progress and inexperience of 
surgical assistant. Tension is observably high between surgeon and surgical assistant. 
Table 9.2 Order of Presentation, Operative Phase and Scenario Depicted in Each ‘Training’ Video 
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Scrub nurse is not attentive to the needs of the surgical team, which results in repeated 
requests from the surgical team and equipment delays. Circulating nurse is not focused 
on the procedure. Anaesthetist intervenes and calms/resolves the situation. Anaesthetists 
is aware of the lack of engagement for the circulating nurse, who is on her phone (non-
work related) and instructs her to turn off her phone and concentrate on the case.  
 
Training 
Video 4 
Intra-Operative 
 
Anaesthetist and ODP talking to one another (non-work related) and music is playing in 
the background. Communication between the surgeon and scrub nurse is hindered as a 
result of these distractions. Scrub nurse takes the lead to minimise the distractions; asks 
circulating nurse to turn of the music, and informs the anaesthetist and ODP that their 
conservation is distracting and is making communication difficult. 
 
 
Training 
Video 5 
 
 
 
Intra-Operative 
 
 
 
Anaesthetist monitors progress of procedure and checks progress with the surgical team. 
Scrub nurse attentive in monitoring the needs of the surgical team and contributes to the 
smooth exchange of equipment requirements. At one point the circulating nurse is not in 
theatre, which results in a delay in equipment. Circulating nurse re-enters theatre and 
provides support to the scrub nurse. 
 
Training 
Video 6 
Post-Operative 
 
Surgeon leads ‘sign-out’ of WHO checklist. All team members pause and are engaged. 
Confirmation between surgical and nursing team of instrument/swab count. Equipment 
problems experienced during the procedure are discussed and surgical team asks nursing 
team to report. Recovery and post-operative requirement discussed.   
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The following three figures are still shot examples of the video clips produced. 
Figure 9.1 Still Shot from a Pre-Operative Video Scenario 
 
Figure 9.2 Still Shot from an Intra-Operative Video Scenario 
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Figure 9.3 Still Shot from a Post-Operative Video Scenario  
 
 
9.4.1.5 Frame-of-Reference: Expert Rating of Video Scenarios 
 
Rater training used in the aviation industry stipulates that trainee ratings should be compared 
to standards that are established by resource management experts. [152] This provides trainee 
raters with a Frame of Reference (FOR). [153] It is recommended that expert scores are 
presented to, and used to provide feedback, to trainee raters. This includes experts providing 
the rationales for the scores that have been assigned. This approach is widely considered 
preferable to norming trainee raters to a particular groups standards. The fundamental 
limitation of norming to group standards is that trainee raters are not normed to expert 
standards. Furthermore, if group standards are likely to differ across groups, using expert 
ratings across training groups removes this bias.  Based on the above rational and empirical 
evidence for FOR training, expert scores were developed for the training videos. This process 
involved 3 expert OTAS raters: Louise Hull (200+ observations), Stephanie Russ (500+ 
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observations) and Nick Sevdalis (150+ Observations) independently viewing and assigning 
OTAS ratings for all of the videos developed. The experts then discussed the ratings that they 
had assigned until consensus was reached. This process is considered to produce “true 
scores” which reflect the actual performance level depicted in the videos.  
 
9.4.1.6 Training Programme Content 
 
The training course content was developed to incorporate the eight essential content 
components identified in the expert consensus study. The training programme was split into 
six sessions. The content, method of delivery, and the corresponding guidelines on each 
specific component of the programme (i.e. what it should contain) are highlighted in Table 
9.3.
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Table 9.3 Training Programme Content and Methods of Delivery 
  
 
 
 
 
CONTENT 
 
METHOD OF 
DELIVERY/ 
DURATION 
 
 
EXPERT GUIDELINES ON 
 CONTENT  
S
E
S
S
IO
N
 
 
Session 1: 
Patient Safety 
and Surgery 
 
 
Systems Approach to Surgical Quality and 
Safety 
Epidemiology of Harm 
Analysis of Adverse Events 
 
Lecture 
15 minutes 
 
Theoretical background on non-technical 
skills and human factors applied to 
healthcare/surgery 
 
 
Session 2: 
Non-
Technical 
Skills and 
Safe Surgery 
 
 
Definition of Non-Technical Skills 
Relationship between non-technical skills and 
adverse/never events 
Safety Training Implementation: Key Feature 
for Success 
Identification of Non-Technical Skills in 
Surgery  
 
 
Lecture  
Interactive forum 
45 minutes 
 
Theoretical background on non-technical 
skills and human factors applied to 
healthcare/surgery 
 
 
Session 3: 
Recognition 
and 
Assessment of 
Non-
Technical 
Skills 
 
 
Definition of Assessment 
Assessment Process 
Requirements of a Good Assessment 
Components of Assessment 
Biases and Limitations of Assessment 
Common Rating Errors 
Overcoming Rating Errors: Rater Error 
Training (RET) 
 
 
Lecture 
120 minutes 
 
Limitations of non-technical skill 
assessment (e.g. rating errors) 
 
Implications of non-technical skill 
assessments 
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Session 4: 
Observational 
Teamwork 
Assessment 
for Surgery 
(OTAS) 
 
 
Structure of OTAS 
Teamwork Behaviours: Definitions  
OTAS Rating Scale 
Exemplar Behaviours 
OTAS: Empirical Evidence  
OTAS: Tips for Rating 
 
 
Lecture 
Video 
demonstration 
Interactive Forum 
30 minutes 
 
 
 
Introduction to non-technical skill 
assessment tools 
 
 
Session 5: 
OTAS 
Training 
 
 
Application of OTAS 
 
 
Video observation 
and assessment 
Interactive Forum 
Group Discussion 
Feedback  
180 minutes 
 
 
Training in the recognition of non-technical 
skills 
 
Practice in rating non-technical skills 
 
 
Session 6: 
Feedback and 
Debriefing 
 
 
Key Elements of Debriefing 
Introduction to evidence-based debriefing 
guidelines 
Introduction to SHARP 5-Step Feedback tool 
Integrating Feedback/Debriefing into Practice 
 
 
Lecture  
Group Discussion 
60 minutes 
 
Training in providing feedback/debriefing 
following a non-technical skill assessment   
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9.4.1.7 Materials: Course Manual 
 
A comprehensive course manual, containing a number of enduring materials, to facilitate and 
support non-technical skills assessment and debriefing following the initial training 
programme was developed. The course manual detailed the learning objectives of the course, 
included the PowerPoint slides used in the training programme, and a selection of key 
publications. User manuals for OTAS, the SHARP 5-Step Feedback tool (SHARP) and the 
Objective Structured Assessment of Debriefing tool (OSAD) were included in the appendix 
of the course manual. SHARP and OSAD are evidence-based, user-informed tools that have 
been developed to facilitate and structure feedback and debriefing in surgery. SHARP 
contains the basic principles of what to cover when providing feedback. SHARP is an 
acronym that comprises five ‘prompts’ to guide trainers and trainees in providing/receiving 
feedback.  OSAD is a tool which can be used to facilitate debriefings and identifies eight core 
components of effective debriefing.  The five prompts of SHARP map onto the components 
of high quality debriefing described in OSAD and have been designed to complement each 
other and thus can be used together. Both tools have been empirically tested and shown to be 
feasible, reliable, and valid. [205-207] Laminated cards of ‘OTAS-Tips for Ratings’ and 
‘SHARP tool’ were provided in two sizes: A5 for use in the training programme and pocket 
size to fit in scrubs for future use. 
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Figure 9.4 Cover Page of Course Manual  
 
 
 
 
9.4.1.8 Evaluation of Training Programme 
 
To determine whether the objectives of the training programme were achieved a multi-level 
evaluation was conducted. Kirkpatrick’s model of training evaluation is one of the most 
highly-regarded and applied methods to assess the effectiveness of training and was used as a 
framework to develop materials to evaluate the training programme. [66]  
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Kirkpatrick’s model of training evaluation is hierarchical and consists of 4-levels of 
evaluation: 
 Level 1: Reaction. This level of evaluation refers to how participants react to a 
training programme. 
 Level 2: Learning. This level of evaluation refers to the modification of attitudes and 
knowledge acquired as a result of attending the training programme. 
 Level 3: Skill. This level of evaluation refers to the change in behaviour/skill acquired 
as a result of attending the training programme. 
 Level 4: Organisational Impact. This level refers to the impact of the training on 
organisation outcomes. It is widely acknowledged that measuring this level is 
typically the most time consuming and costly of all levels. 
 
A detailed description of the assessment measures that were developed to evaluate each level 
is given below. 
 
Level 1: Reaction  
 
Reaction is typically assessed using a questionnaire containing closed statements that 
participants respond to on a Likert scale, and open questions. Based on the above 
recommendations, 15 closed statements were devised to assess participants’ reactions to the 
training course. 2 open statements were incorporated into the questionnaire allowing 
participants to identify the strengths of the course, and provide suggestions for improvements. 
An additional comment boxes was provided to allow participants to provide any additional 
comments. As recommended, the questionnaire was administered to participants immediately 
after completing the training programme. 
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Level 2: Learning 
 
To assess participants’ knowledge, 18 multiple-choice questions (MCQs) were devised 
covering the content of the training programme. Each question contained 1 correct answer 
and 3 distractors. The MCQs were administered immediately prior to completing the training 
programme and immediately after completing the training programme. (See appendix D). 
TeamSTEPPS
TM
 Teamwork Attitudes Questionnaire (T-TAQ) was selected to assess 
participants attitudes to teamwork as it is a reliable and validated measure. [208] T-TAQ 
captures five core components of teamwork; Team Structure, Leadership, Situation 
Monitoring, Mutual Support, and Communication. (See appendix E for TeamSTEPPS
TM
 
Attitude questionnaire). To assess change in attitudes to teamwork, T-TAQ was administered 
pre-training and post-training. 
 
Level 3: Behaviour/Skills 
 
To assess this level of evaluation participants used the OTAS tool to assess quality of 
teamwork in seven simulated video clips. Baseline skills in assessing teamwork was assessed 
immediately before the course, during (to assess learning curves) and immediately after the 
course.    
 
Level 4: Organisational Impact 
 
As identified in the Expert Consensus study (see Chapter 8), the essential outcomes were 
measures of improved patient safety, and the utilisation of non-technical and teamwork 
assessment tools in practice following training programme completion. As a surrogate 
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measure of organisational impact, due to time restrictions, three questions were incorporated 
into the post-course evaluation questionnaire to assess participants’ future intentions to use 
OTAS in practice and to provide feedback to their trainees on their non-technical and 
teamwork skills.   
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Figure 9.5 Training Programme Evaluation, Methods of Assessment and Timing of Assessment  
 Level of Evaluation      Assessment Method     Timing of Assessment 
 
 
 
                                                                                                                 
 
 
 
 
 
  
MCQs and T-TAQ 
 
                           
 
Level 1:  
Reactions 
 
 
Level 2: 
Learning 
 
Level 3: 
Behaviour/Skill 
 Course Evaluation 
 
OTAS Assessment  
 
                         
 
 
 
 
Post-Course 
 
 
Level 4: 
Organisation 
Course Evaluation 
 
 
 
Post-Course 
 
 
Pre- and Post-
Course 
 
 
Pre-, Intra- and 
Post-Course 
 
 
 
Post-Course 
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9.5 Data Analyses 
 
All analyses were carried out using SPSS v. 19 (SPSS Inc, Chicago, IL).  The following 
section describes the statistical analyses conducted for each level of evaluation (reaction, 
knowledge, attitudes, skills and organisational impact).  
 
9.5.1 Knowledge: Multiple Choice Questions 
 
Frequency counts (frequency of correct multiple choice answers) were computed and 
subsequently converted to percentages to facilitate analysis. As it was impossible to 
determine whether ‘apparent’ missing data reflected missing data or an incorrect answer (no 
answer given) for partially completed MCQs, all ‘apparent’ missing data was classified as 
indicating an incorrect answer. However, if no attempt was made to complete the entire set of 
multiple choice questions (mainly due to participants arriving late and consequently missing 
the pre-assessment period) ‘listwise deletion’ was selected to handle missing data. In this 
method, an entire record is excluded from analysis if any single value is missing. A paired-
samples t-test was used to determine whether there was a significant difference between pre- 
and post-course knowledge. 
 
9.5.2 Attitudes: TeamSTEPPS™ Teamwork Attitudes Questionnaire  
 
Cronbach’s alpha was computed to measure the internal consistency of each teamwork 
construct captured in the TeamSTEPPS Teamwork Attitudes Questionnaire. 
Descriptive statistics (mean and standard deviation) were computed for each teamwork 
construct of the TeamSTEPPS attitudes questionnaire. A combination of ‘mean substitution’ 
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and ‘Listwise deletion’ was selected to handle the missing data of TeamSTEPPS 
Questionnaire. Mean substitution was employed if missing data was present for any 
teamwork construct (i.e. participants had partially completed the teamwork construct) within 
the questionnaire. If no data was presented for an entire construct, Listwise deletion was 
employed (i.e. participants had made no attempt to complete the teamwork construct). Paired 
samples t-tests were used to determine whether attitudes to teamwork were significantly 
different from pre and post-course. Pair-samples t-tests were used at each behavioural 
construct.  
 
9.5.3 Assessment of Teamwork 
 
Descriptive statistics (mean, range, standard deviation, and mean signed difference
1
) were 
computed for OTAS ratings assigned by participants to provide an overview of the level of 
agreement between participants and expert OTAS ratings across all 8 rating sessions (pre-
training (1), intra-training (6), and post-training (1)).  One-sample t-tests (test value 0) were 
used to determine whether there were significant differences between the mean signed 
difference of OTAS ratings assigned by participants and 0 (indicating perfect agreement 
between ‘expert’ rating and participants’ ratings). Intra-Class Correlation Coefficients (ICC) 
was used to determine the strength of agreement between ‘expert’ and participants OTAS 
ratings. 
 
Mean Signed Difference
1
 
 
To compare ‘expert’ ratings and participants’ ratings, the ‘expert’ rating was subtracted from 
the mean rating assigned by participants. This simple algebraic calculation produces the 
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Mean Signed Difference between expert and participants ratings, and should be interpreted as 
follows: 
• A Mean Signed Difference of 0 indicates perfect agreement between ‘expert’ rating and 
participants’ ratings. 
• A positive Mean Signed Difference indicates that an ‘expert’ rating was stricter in the 
scoring than the mean score assigned by participants. 
• A negative Mean Signed Difference indicates that an ‘expert’ rating was more lenient in the 
scoring than the mean score assigned by participants. 
 
9.6 Results 
 
9.6.1 Setting and Participants 
 
The training programme was delivered as a one day (eight hours) session, held within the 
Department of Surgery and Cancer, Imperial College London. 28 participants attended the 
two pilot training programmes (16 and 12 respectively). Table 9.4 displays participants’ 
demographic information. 
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Table 9.4 Participant Demographics  
 
  
 
 
GRADE (N) 
 
MEAN YRS AT 
CURRENT GRADE 
(SD) 
 
S
P
E
C
IA
L
IT
Y
 
Anaesthesia 
Consultant (14) 9.5 (6.30  
N=12
 
Senior Specialist Registrar (1) 5 (n/a) 
Surgery 
 
Consultant (5) 
 
8.75 (4.86) 
N=4
 
 Post CCT/Fellow (1) 
 
0.2 (n/a) 
 Senior Specialist Registrar (2) 
 
5.5 (0.71) 
 
 Nursing 
Band 7 (1) 
Band 8 (1) 
 
7 (n/a) 
7 (n/a) 
Obstetrics and 
Gynaecology 
Consultant (1) 5 (n/a) 
Managerial Theatre Manager (2) 12.5 (3.54) 
 
 
 
9.6.2 Evaluation Level 1: Reaction to Training Programme  
 
Participants’ reaction to the training programme was very positive, with a median score of ≥4 
provided for 11/12 statement relating to course content, delivery, and course satisfaction. 
Table 9.5 displays the median ratings for each evaluation statement. 
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Table 9.5 Post-Course Evaluation Questionnaire 
 
  
ITEM 
MEDIAN 
SCORE 
(RANGE) 
E
V
A
L
U
A
T
IO
N
 E
L
E
M
E
N
T
 
 
Course 
Content 
Improved my understanding of non-technical and team 
skills in surgery 
4 (3-5) 
Improved my confidence and ability in recognising and 
categorising different non-technical and team skills 
4 (3-5) 
Improved my confidence and ability in conducting 
numerical assessment of non-technical and team skills 
4 (3-5) 
Improved my confidence and ability to provide 
feedback on non-technical and teamwork skills 
4 (3-5) 
N=26
 
Course 
Delivery 
This course was well delivered and engaging 4 (3-5) 
The information was provided in a way that was easy 
to understand 
5 (3-5) 
Teaching and learning materials were of appropriate 
quality 
5 (3-5) 
The learning objectives were met 5 (4-5) 
Course 
Satisfaction 
Overall, I was satisfied with this course 4 (3-5) 
I would recommend this course to a colleague 4.5 (3-5) 
N=26
 
This course should be mandatory for all senior 
surgeons, anaesthetists and theatre nurses 
3 (1-5) 
This course should be mandatory for all senior 
surgeons, anaesthetists and theatre nurses involved in 
training and assessment 
4 (1-5) 
 
N=27 unless otherwise stated. 
 
Free text comments regarding strengths of the course and suggestions for improvement are 
summarised in Table 9.6. All responses provided by participants can be viewed in Appendix 
G. 
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Table 9.6 Reaction to Training Programme: Free Text Comments  
 
FREE TEXT COMMENTS 
 
S
T
R
E
N
G
T
H
S
 O
F
 C
O
U
R
S
E
 
 
Excellent. Good faculty and good mix; psychologists, surgeon, anaesthetist, medic. 
(P2) 
The course is delivered to interested colleagues and the ‘feedback’ has been excellent 
and stimulating. I am unsure how it will be received in a less engaged audience (P3) 
Excellent design and opportunity to discuss fundamental issues for a successful and 
productive theatre environment. (P6) 
Well delivered, interactive, approachable faculty. Relevant to everyday practice. (P21) 
Great videos with appropriate demonstration of non-technical skills. Clear engaging 
faculty with a defined objective. (P22) 
Interactive. Mix of didactic and interactive teaching methods. Good to have 
researchers and psychologists teaching us on behavioural aspects (P26) 
 
S
U
G
G
E
S
T
IO
N
S
 F
O
R
 I
M
P
R
O
V
E
M
E
N
T
 
 
May be have nurse from recovery or theatre; just for completeness. (P2) 
Follow up of delegate to see who has actually made attempts to implement OTAS etc. 
(P5) 
Individual remote control scoring of videos that can be shown on screen to see group 
ranges and trends and aid discussion. (P6) 
Allocate participants to an assigned group in order to get a good mix of professional 
background from the group. (P7) 
Very intellectually draining trying to remember all criteria for assessment etc. Not 
sure how it can be made less turgid and more exciting!?! (P12) 
More clarity for participants on what individual domains of OTAS are assessing-
particularly the distinction between communication/co-ordination/situation 
awareness. ? Videos of debriefing to discuss. Today was anaesthetic dominated-? 
Minimum quotas for surgical/anaesthesia/nursing. ?’Real world’ evidence e.g. SCIP 
data. Before and after OTAS scores.(P23) 
Routine videos (P25) 
Try putting us into a simulator/real-life environment and scoring each other and 
comparing to ‘experts’ rating (P26) 
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9.6.3 Evaluation Level 2: The Effect of Training on Knowledge: Multiple Choice 
Questions (MCQs) 
 
Knowledge acquired as a result of attending the training programme was determined by 
assessing participants’ knowledge immediately before and immediately after completing the 
training programme. A pair-samples t-test revealed that there was a significant difference in 
knowledge before (Mean: 58.94%; SD: 13.89%) and after (Mean: 72.95%; SD: 14.44%) 
completing the training programme (t(22)= 4.16, p<0.001) indicating that the training 
programme was successful in imparting knowledge. 
 
9.6.4 Evaluation Level 2: The Effect of Training on Attitudes: TeamSTEPPS
TM
 
Questionnaire 
 
The effect of the training on attitudes to teamwork was determined by assessing attitudes to 
teamwork immediately before and immediately after completing the training programme. 
Table 9.7 displays the mean attitude ratings for each teamwork component pre-training and 
post-training.  
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Table 9.7 Pre- and Post-Course Attitudes to Teamwork  
 
 
9.6.5 Evaluation Level 3: The Effect of Training on Skill: OTAS Rating 
 
Pre-Course Agreement between Expert and Faculty OTAS Ratings 
 
Table 9.8 displays the mean, range, mode, and mean signed difference of participants’ ratings 
in comparison to ‘expert’ ratings before completing the training programme.  Examining the 
mean signed difference between the expert ratings and those assigned by participants it can be 
seen that participants rating s are typically stricter (13/15 ratings stricter than expert ratings 
pre-course; 11/15 ratings stricter than expert ratings post-course). 
 
  CRONBACH’S 
ALPHA 
MEAN PRE-
TRAINING 
(SD)  
MEAN POST-
TRAINING 
(SD) 
PAIRED-
SAMPLES T-
TEST 
T
E
A
M
W
O
R
K
 C
O
M
P
O
N
E
N
T
 
Team Structure 0.63 4.39 (0.37) 4.56 (0.40) t(17)=1.43, p>0.05 
Leadership 0.69 4.47 (0.35) 4.56 (0.40) t(17)=1.01, p>0.05  
Situation 
Monitoring 
0.81 4.10 (0.33) 4.28 (0.44) t(17)=2.32, p<0.05 
Mutual Support 0.85 4.35 (0.42) 4.23 (0.56) t(17)=1.19 p>0.05 
Communication 0.59 4.15 (0.43) 4.16 (0.60) t(17)=0.08, p>0.05 
OVERALL 0.89 4.29 (0.24) 4.36 (0.36) t(17)=1.12, p>0.05 
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Table 9.8 Pre-Course Assessment: Agreement between Expert and Participant OTAS Ratings 
 
  
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean Rating 
(SD) 
 
Modal 
Rating 
 
Expert 
Rating 
 
Mean Signed 
Difference 
(One-Sample T-
Test; Test Value 0) 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 23 0 7 3.48 (2.02) 4 5 -1.52** 
Coordination 21 0 6 3.48 (1.78) 4 4 -0.52 
Cooperation 23 0 6 3.87 (1.60) 5 5 -1.13** 
Leadership 23 0 7 4.39 (1.88) 5 6 -1.61*** 
Team Monitoring/Situational Awareness 22 0 6 3.68 (1.84) 5 5 -1.32*** 
Nursing 
Communication 20 0 5 1.95 (1.47) 3 3 -1.05** 
Coordination 21 0 5 2.24 (1.45) 3 3 -0.76 
Cooperation 20 0 5 2.25 (1.45) 3 3 -0.75 
Leadership  19 0 3 1.68 (1.25) 3 3 -1.32*** 
Team Monitoring/Situational Awareness 20 0 5 2.05 (1.43) 3 3 -0.95** 
Anaesthetic  
Communication 23 0 5 2.04 (1.82) 0 2 +0.04 
Coordination  21 0 4 1.19 (1.25) 0 2 -0.81** 
Cooperation 22 0 4 1.52 (1.20) 2 1 +0.52 
Leadership 22 0 5 1.50 (1.44) 0 2 -0.05 
Team Monitoring/Situational Awareness 23 0 4 1.85 (1.22) 1 4 -2.15*** 
 
 *P<0.05, **P<0.01, ***P<0.001 
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Table 9.9: Post-Course Assessment: Agreement between Expert and Participants OTAS Ratings 
 
  
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean Rating 
(SD) 
 
Modal 
Rating 
 
Expert 
Rating 
 
Mean Signed 
Difference  
(One-Sample T-
Test; Test Value 0) 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 28 4 6 4.79 (0.57) 5 5 -0.21 
Coordination 28 1 5 4.07 (0.90) 4 4 +0.07 
Cooperation 28 3 6 4.61 (0.79) 5 5 -0.39** 
Leadership 28 3 6 4.93 (0.86) 5 6 -1.07*** 
Team Monitoring/Situational Awareness 28 3 6 4.36 (0.83) 5 5 -0.64*** 
Nursing 
Communication 28 2 4 2.89 (0.42) 3 3 -0.11 
Coordination 28 2 4 3.11 (0.42) 3 3 +0.11 
Cooperation 28 2 4 2.93 (0.54) 3 3 -0.07 
Leadership  28 2 3 2.61 (0.50) 3 3 -0.39*** 
Team Monitoring/Situational Awareness 28 2 4 2.82 (0.55) 3 3 -0.18 
Anaesthetic  
Communication 28 0 4 2.00 (1.16) 2 2 0.00 
Coordination  28 0 3 1.94 (0.94) 2 2 -0.06 
Cooperation 28 0 3 1.54 (0.84) 2 1 +0.46** 
Leadership 28 0 4 1.96 (1.04) 2 2 -0.04 
Team Monitoring/Situational Awareness 28 0 5 2.43 (1.20) 2 4 -1.57*** 
 
*P<0.05, **P<0.01, ***P<0.001 
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Table 9.10 Mean Signed Difference between Expert Ratings and Participants Ratings across the Six Training Videos 
 
   Mean Signed Difference 
  
OTAS BEHAVIOUR Video 1 Video 2 Video 3 Video 4 Video 5 Video 6  
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication +0.15 +0.19 +0.52 -0.08 -0.65 -0.85 
Coordination +0.19 +1.23 -0.60 +0.08 +0.04 -0.50 
Cooperation +0.10 +0.23 -0.44 +0.12 +0.27 -0.54 
Leadership +0.17 +0.81 +0.10 +0.54 -0.77 -0.85 
Team Monitoring/Situational 
Awareness 
-0.83 +1.04 -1.19 -0.50 -0.13 -1.50 
Nursing 
Communication -1.35 +1.23 -0.15 0.00 +1.27 -0.08 
Coordination -1.12 +1.23 -0.33 +0.46 +0.48 -0.38 
Cooperation -1.48 +1.24 -0.15 -0.24 +0.42 -1.15 
Leadership  -1.76 +0.72 -0.35 +0.15 +0.73 +0.58 
Team Monitoring/Situational 
Awareness 
-1.12 +0.04 -0.56 0.00 +0.31 -0.15 
Anaesthetic  
Communication +0.50 -0.50 -0.19 -0.81 -0.08 -0.58 
Coordination  0.00 +0.46 -0.27 -0.65 -0.69 -0.88 
Cooperation +0.54 -0.58 -0.40 +0.10 -0.62 -1.80 
Leadership -0.58 -0.35 -1.00 -0.85 -0.72 0.00 
Team Monitoring/Situational 
Awareness 
+0.73 +0.58 -1.19 -0.31 -1.18 -0.88 
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Agreement between Expert and Participants Ratings across OTAS Behaviours 
 
From Table 9.11 below, it can be seen that agreement between expert and participants 
OTAS ratings improved, from pre- to post-training, for communication, leadership, and 
situation awareness. Pre-training, one behaviour (leadership) met the expert-derived 
proficiency criteria to provide feedback (ICC≥0.61), post-training one behaviour 
(coordination met the expert-derived proficiency criteria to provide feedback (ICC≥0.61 
feedback/research/high-stakes (ICC≥0.71) post-training three behaviours (communication, 
cooperation/back up behaviour/Leadership) met the more stringent, expert-derived 
proficiency criteria to provide assessments for research and high-stakes assessments. 
  
Table 9.11: Intra-Class Correlation Coefficients between Expert and Participants OTAS 
Ratings across OTAS Behaviours 
 
 
*P<0.05, **P<0.01, ***P<0.001 
 
 
 
 
 PRE-COURSE POST-COURSE 
T
E
A
M
W
O
R
K
 C
O
N
S
T
R
U
C
T
 Communication 0.32** 0.83*** 
Coordination 0.41*** 0.70*** 
Cooperation/ Back up Behaviour 0.57*** 0.86*** 
Leadership 0.64*** 0.84*** 
Team Monitoring/Situational 
Awareness 
0.31** 0.48*** 
Global OTAS 0.47** 0.76** 
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Pre-and Post-Course Global OTAS Reliability and Proficiency Classification 
 
The analyses presented thus far have provided a global overview of the level of agreement 
between ‘expert’ and participants ratings across video scenarios, teamwork behaviours, and 
sub-teams. Whilst this provides a global indication of the effectiveness of the training 
programme, it is important to classify, on an individual basis, the number of participants 
that meet the expert-derived proficiency criteria detailed in Chapter 8.  Table 9.12 displays 
the level of agreement between expert OTAS ratings and each individual participant’s 
ratings and participant proficiency classification pre-course and post-course. The overall 
percentage of participants meeting each level of proficiency, at the two assessment time 
points (pre-course and post-course) is presented in Figure 9.6.  
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Table 9.12 Pre-Course and Post-Course Intra-Class Correlation Coefficient between Expert and Participants Ratings and 
Participant Proficiency Classification 
 
  ICC Pre-Course Pre-Course Classification ICC Post-Course Post-Course Classification 
P
a
rt
ic
ip
a
n
t 
N
u
m
b
er
  
1 -0.15 Proficiency not reached 0.89*** 
 
Research, High-Stakes 
3 0.72** Research, High-Stakes 0.78*** Research, High-Stakes 
5 Missing data n/a 0.83*** Research, High-Stakes 
6 Missing data n/a 0.90*** Research, High-Stakes 
7 0.59** Proficiency not reached 0.79*** Research, High-Stakes 
10 0.14 Proficiency not reached 0.87*** Research, High-Stakes 
13 0.72** Research, High 0.80*** Research, High-Stakes 
14 0.88*** Research, High 0.90*** Research, High-Stakes 
15 0.04 Proficiency not reached 0.76*** Research, High-Stakes 
16 0.82*** Research, High-Stakes 0.77*** Research, High-Stakes 
17 0.62** Feedback 0.79*** Research, High-Stakes 
18 0.73** Research, High-Stakes 0.87*** Research, High-Stakes 
19 0.45* Proficiency not reached 0.80*** Research, High-Stakes 
20 0.78*** Research, High-Stakes 0.92*** Research, High-Stakes 
21 0.87** Research, High-Stakes 0.86*** Research, High-Stakes 
22 0.52* Proficiency not reached 0.84*** Research, High-Stakes 
23 0.82*** Research, High-Stakes 0.87*** Research, High-Stakes 
24 0.75*** Research, High-Stakes 0.84*** Research, High-Stakes 
26 Missing data n/a/ 0.88*** Research, High-Stakes 
27 0.53* Proficiency not reached 0.82*** Research, High-Stakes 
28 0.09 Proficiency not reached 0.83*** Research, High-Stakes 
4 0.50* Proficiency not reached 0.66** Feedback 
286 
 
8 Missing data n/a 0.70** Feedback 
11 0.84*** Research, High-Stakes 0.70** Feedback 
12 Missing data n/a 0.70** Feedback 
25 -0.19 Proficiency not reached 0.62** Feedback 
2 0.08 Proficiency not reached 0.16 Proficiency not reached 
9 0.42* Proficiency not reached 0.46* Proficiency not reached 
 
*P<0.05 ** P<0.01, ***P<0.001 
 
Proficiency Criteria (based on results from the Expert Consensus Study presented in Chapter 8) 
 To provide performance feedback within clinical practice: Minimum intra-class correlation coefficients of 0.61-0.70 
 To carry out assessment for research purposes: Minimum intra-class correlation coefficients 0.71-0.80 
 To provide high-stakes assessments: Minimum intra-class correlation coefficients 0.71-0.80 
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52.17% 
4.35% 
43.48% 
Pre-Course Proficiency Classification 
7.14% 
17.86% 
75.00% 
Post-Course Proficiency Classification 
Figure 9.6 Pre-Course and Post-Course Proficiency Classification of Participants   
             Proficiency not reached            Feedback (ICC ≥0.61≤0.70)           Research/High-Stakes (ICC≥0.71) 
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9.6.6 Evaluation Level 4: Organisational Impact of Training  
 
Participants’ intentions to assess team skills following the training programme were very 
positive, with a median score of ≥4 provided for all 3 of the statements relating to integrating 
assessment and feedback of the skills. Table 9.13 displays the median ratings for each 
evaluation ‘organisational’ statement. 
 
Table 9.13 Post-Course Evaluation of Organisational Impact 
 
  
ITEM 
MEDIAN SCORE 
(RANGE) 
E
V
A
L
U
A
T
IO
N
 
E
L
E
M
E
N
T
 Organisational 
Impact 
I intend to use OTAS in practice following 
this course 
4 (3-5) 
I intend to provide feedback to my trainees 
on their non-technical skills 
4 (4-5) 
I intend to provide feedback to my theatre 
team on their teamwork 
4 (2-5) 
 
 
 
9.7 Discussion 
 
Effective teamwork is critical to patient safety in the operating theatre. Whilst the importance 
of teamwork is gaining increasing recognition, team skills are not explicitly taught or 
assessed, leaving teamwork failures to continue to expose surgical patients to the risk of 
experiencing an adverse event. Training the assessment of team skills is essential to ensure 
that assessments are reliable and valid. However, guidelines and recommendations on faculty 
training requirements, specific to the operating theatre environment, are lacking. To address 
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this, an expert-consensus study was conducted.  Whilst this is an important step in guiding 
the development of such training programmes, what remains to be determined is the 
effectiveness of any programme that incorporates the expert-derived guidelines (presented in 
Chapters 7 & 8).  The aims of this chapter were therefore to develop and evaluate the 
effectiveness of a training programme incorporating the expert-derived guidelines.  
 
9.7.1 Key Findings 
 
9.7.1.1 Reactions to Training 
 
Participants’ reactions to the training programme were very positive. 11/12 training elements 
(course content, delivery, and overall satisfaction) were scored very positively (i.e. median 
score above 4, on a 5-point scale). Free-text comments provided by participants’ identified 
numerous strengths of training programme and various suggestions for improvements.    
 
9.7.1.2 Knowledge 
 
The training programme developed was successful in imparting knowledge (assessed via 
MCQs). Although the increase in knowledge could be deemed as relatively small (14% 
increase) participants’ baseline knowledge (pre-course) was relatively high (nearly 60%). 
This may reflect a ceiling effect; participants who attended the training programme were self-
selected, eager to attend, and had a good understanding of the patient safety and the 
importance of non-technical and team skills prior to attending the course.  
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9.7.1.3 Attitudes to Teamwork 
 
Attitudes to teamwork did not change as a result of attending the training programme. 
Although it was anticipated that participants’ attitudes to teamwork would improve as a result 
of attending the training programme, this result should not be viewed negatively.  
Participants’ attitudes towards teamwork, for each of the five teamwork constructs, captured 
by the  TeamSTEPPS
TM 
Teamwork Attitudes Questionnaire, were very positive (all above 4 
on a scale maximum of 5) both pre-training and post-training. Thus, the lack of improvement 
in attitudes to teamwork is likely to reflect a ceiling effect. Furthermore, attitude change 
captured by questionnaire methodologies, such as the one used in the present study, must 
consider whether the resultant change represents a real, meaningful, and lasting change in 
attitude.  Attitude change has been a focus of social psychology research for many decades, 
and many models have been proposed. For example, Kelman proposed three processes of 
attitude change: compliance, identification, internalisation (Kelman, 1959). Thus, a 
meaningful attitude change may be unlikely to occur in such a short period of time. Change 
in attitudes has been found to occur after a half-day invention, however the change was 
relatively small and only partial (i.e. three patient safety related attitude constructs improved, 
three did not).[79] Previous safety training interventions have found similar results after 
initial completion, but more marked differences after repeated exposure to training. [78] 
 
9.7.1.4 Skill in OTAS Rating 
 
The training programme was successful in increasing participants’ skill in assessing 
teamwork. Baseline proficiency improved for all five teamwork behaviours as a result of 
completing the training programme. Four behaviours met the expert-derived proficiency 
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criteria; one behaviour (coordination) met proficiency criteria to provide feedback, three 
behaviours (communication, leadership, cooperation) met proficiency criteria to provide 
feedback/research/high-stakes. Only one behaviour (team monitoring/situation awareness) 
failed to reach proficiency criteria. This finding is interesting, of all the teamwork behaviours 
assessed, team monitoring is a more cognition-based skill, and hence harder to observe. All 
other teamwork constructs (communication, leadership, cooperation, coordination) are social 
skills that involve direct interactions with the operating theatre and hence are potentially 
easier to capture via observation. 
 
Comparing the level of agreement between participants and experts, achieved in the present 
study, to those of other programmes that have been developed to train raters, [99, 148, 149, 
196] there are several interesting comparisons that emerged.  Firstly, previous studies that 
have attempted to train non-technical and teamwork assessment in the operating theatre have 
typically found that faculty find it harder to assess cognitive skills (e.g. situational awareness 
and decision-making) in comparison to social skills. This finding was mirrored in the present 
study; faculty did not reach proficiency for Team monitoring/Situational awareness. This 
finding has important implications for future training programme, if cognitive skills are 
typically harder to assess, it may be valuable to devote more time to training that assessment 
of cognitive skills than that of social skills.  Secondly, in comparison to previous studies the 
present training programme appears to have been more effective. There are several reasons as 
to why this may be the case;  
 A simple explanation would be that the duration of the present training programme 
was greater than previous training programmes. Although this may be a possible 
explanation in relation to a number of previous training programmes (e.g. Yule et al, 
2008 [148] and 2009 [149]), the duration of other training programmes is comparable 
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(e.g. Fletcher et al, 2003 [99])  and some have been more extensive (e.g. Russ et al, 
2012 [55]).   
 Previous training programmes have not always attempted to calibrate trainers (e.g. 
Yule et al, 2009 [149]). Furthermore, it is difficult to determine the exact level of 
feedback that participants received in previous training programmes, due to lack of 
detail presented in articles. A strong emphasis was placed on providing feedback and 
justification of ‘expert’ assigned ratings in the present study and it is theorised that 
this had a significant effect on participants’ ability to accurately rate team skills. 
  The number and composition of trainers differed widely. The present course was 
faculty ‘heavy’ in comparison to other training programmes (e.g. Russ et al, 2012 
[55]). Thus, the high ratio of trainers to participants in the present study is likely to 
have had a positive impact on skill rating ability. 
 Lastly, participants’ pre-training ability in rating non-technical and team skills is not 
reported in any of the previous training programmes, therefore it is impossible to 
compare the degree of improvement in rating ability of different training programmes. 
Thus comparing training programmes ‘success’ in this respect was not possible. It 
may well be the case that my training programme appears more effective simply 
because the participants that attended were better able to assess non-technical and 
team skills to begin with.   
 
One important and novel aspect of the analysis presented in this study is the proficiency 
classification of individual faculty, both pre-training and post-training. This is important as 
comparing pre-training and post-training ability at an individual level provides an indication 
of how successful the training programme was in terms of skill acquisition (i.e. ability to rate 
a specific skill). Furthermore, whilst presenting the overall agreement between ‘faculty’ and 
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‘expert’ ratings provides an overview of the level agreement (commonly presented at a 
behavioural level) this type of analysis is meaningless and irrelevant at an individual level; 
this level of analysis can mask individual differences in assessor performance; in other words, 
this level of analysis is unable to identify faculty that reached proficiency, and similarly 
which faculty failed to reach proficiency, in conducting accurate assessments. Integrating the 
assessment of team skills in the operating theatre requires the training and amassment of 
competent (on an individual basis) ‘faculty’. Whilst this may appear obvious, and indeed 
necessary in identifying competent faculty, previous training programmes have not provided 
this level of analysis.     
 
9.7.1.5 Organisational Impact of Training Programme 
 
 As a surrogate measure of organisational impact, participants’ future intentions to implement 
OTAS in practice, and provide feedback to their trainees’ (within sub-team) and their team 
(within and between sub-teams) were assessed. Participants expressed strong intentions to 
implement OTAS assessments and feedback into their clinical practice following the training 
programme. However, behavioural intentions do not reliably result in a change in behaviour 
[209, 210] and as this level of evaluation was assessed using self-report the potential bias of 
‘social desirability’ (tendency to respond in a manner that will be viewed positively by 
others)  must be considered. Encouragingly, since delivering the training programme, the 
‘OTAS’ team at Imperial have been approached by several participants that attended, seeking 
guidance and support in implementing OTAS assessments and feedback in practice. This 
spans from participants wishing to implement OTAS on a team basis to integrating OTAS 
assessments at hospital level.  
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9.7.1.5.1 Qualitative Feedback: Free Text Comments 
 
Several interesting findings emerged from the qualitative feedback received from the 
participants who attended the training programme. Firstly, the expert-consensus panel did not 
reach consensus on whether the training programme should be speciality specific (i.e. group 
of surgeons only). This may reflect that fact that the majority of non-technical skill 
assessment tools capture the specific non-technical skills of particular operating theatre 
members. As the training programme aimed to train participants to assess teamwork a 
conscious decision was made to target all core operating theatre team members (surgeons, 
anaesthetists, and nurses). Based on the experience of piloting the courses, having clinicians 
from different specialities promoted discussion and had a positive impact. Taking this a step 
further, feedback from participants suggested that operating theatre teams should be targeted; 
 ‘Instead of having ‘individuals’ it would be better for a team (Doctors/Nurses/ODP’s) to 
come together for this training-would be more beneficial’ (P10) 
 ‘Please allocate participants to an assigned group in order to get a good mix of professional 
background from the group.’(P7)  
 
There are several strengths to the developed training course. Firstly, the course was 
developed on expert-derived guidelines for training faculty to assess non-technical and teams 
skills, specifically in the operating theatre. The faculty that were recruited to teach on the 
course were true ‘clinical champions’ of teamwork skills and patient safety in surgery. 
Considerable care was also taken to ensure that the evaluation measures developed to 
determine the effectiveness of the training course were as robust as possible. 
 
295 
 
Ideally, data would have been presented regarding whether participants had used OTAS in 
practice since attending the training course. This is something that will be done in the future, 
but as the training programmes were completed towards the end of this Thesis period, such 
data are not yet available.  
 
9.7.2 Implications for Incorporating Team Skills Assessment into Practice 
 
The results of the present study suggest that faculty are able to reach an acceptable level of 
proficiency in teamwork assessment, after completing an intensive one-day training 
programme. One aspect of significant importance, that has yet to be explicitly considered, is 
the resources that are required to develop and run the training programme described. The 
development and piloting of the first training programme cost approximately £15,000, most 
of which was spent on producing the video scenarios, so thus can be considered as a one-off 
cost. I was extremely fortunate to receive funding from the London Deanery to pilot the first 
training programme. Based on the overwhelming interest received from the first course (150+ 
enquiries), the London Deanery kindly provided funding to run another three courses. 
Without such external funding, which of course is limited, the sustainability of running such 
courses, and the ultimate aim of training an adequate number of faculty, is of great concern. 
 
9.7.3 Limitations 
 
Inevitably, there are several limitations to the training programme that was developed. These 
are discussed below. 
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9.7.3.1 Training Programme Duration 
 
Perhaps the most apparent limitation of the training programme is its duration; one-day. 
Ideally, the training programme would have been two-full days (as recommended by the 
expert consensus panel). However, after careful consideration it was felt by the research team 
that it was not feasible to deliver a two-day training programme. There were several reasons 
behind this decision. Firstly, as participants attended the training programme on a voluntary 
basis, it was felt that it would be difficult for participants to commit to a two-day event, and 
therefore it was feared that the number of attendees would dramatically decrease.  Secondly, 
it proved impossible to coordinate two consecutive dates that all trainers (possibly 
exacerbated by the fact that a significant proportion of the clinical trainers were external to 
my Department) were available to deliver the training. This resulted in the development of a 
one-day programme that attempted to cover all the material. In hindsight this was extremely 
ambitious and was mentally demanding for participants. This is supported by feedback 
received from attending faculty;  
‘Very intellectually draining trying to remember all criteria for assessment etc.’ (P12) 
 
Future research should explore the effectiveness of more extensive training programmes. This 
may not necessarily entail the development of a training programme that is delivered over 
two full consecutive days. The potential of different training methods to address this 
challenge should be considered, for example, the ‘OTAS’ team is currently considering 
developing an e-learning module that covers the theoretical aspects of the course. Although 
this may appear to be an apparent solution, it should be considered with caution; feedback 
received from participants indicated that the interactive nature of the training was a major 
strength (13/20).  
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9.7.3.2 Selection and Sample Size  
 
Participants who attended the course were self-selected. As previously mentioned, this is 
likely to have had an impact on the results obtained; specifically the modest increase in 
knowledge acquired and lack of improvement in attitudes to teamwork is theorised to have 
been caused by ceiling effects. Furthermore, the success of the course, particularly in terms of 
participants’ positive reactions, is likely to be attributable to the self-selection of participants. 
This potential limitation was voiced by one participant; ‘the course is delivered to interested 
colleagues and the ‘feedback’ has been excellent and stimulating. I am unsure how it will be 
received in a less engaged audience’ (P3). In addition, the number of participants who 
attended that training programme was relatively small, and the number of videos clip that 
participants observed and rated was minimal (six training videos). Ideally, pre-assessment 
and post-assessment would have been determined by assessing participants’ ability to rate a 
number of videos and then averaging the level of proficiency demonstrated. Again, 
considering the time restrictions, this was not possible but should be considered in future 
research. This limitation, and further implications, are discussed later in this Chapter.  
 
9.7.3.3 Video Clips to Train Observation and Assessment of Team Skills 
 
As recommended by the Expert Consensus Panel (Chapter 8), simulated video clips were 
used to train faculty to observe and assess team skill. However, whether the proficiency of 
rating teamwork displayed by faculty in a workshop environment transfers and can be 
replicated in the operating theatre, to provide real-time assessment, remains to be 
demonstrated. Previous attempts to train faculty to assess non-technical and team skills have 
predominately been delivered in the format of a workshop, outside of the operating theatre 
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(only one training programme has been conducted in the operating theatre [55]) and have 
failed to explore whether rating accuracy extends to assessments conducted in the ‘wild’.  
This is a key question that should be explored in future research and is discussed further later 
in this Chapter. 
 
9.7.3.4 Missing Data 
 
28 participants attended the two training sessions, however there was missing data. The 
missing pre-assessment data was mainly due to participants arriving late on the morning of 
the training programme after the pre-assessment had been completed and the formal training 
had already started. Whilst there was less missing data post-course evaluation, this missing 
data is likely to represent the reluctance of participants to complete such an extensive 
evaluation. This notion is supported by feedback received;  
“Too many forms.” (P9) 
 
This issue will not affect future courses as the evaluation will be less extensive.  
 
9.7.4 Future Research 
 
Based on the findings of the present study, and the limitations discussed above, this section 
identifies what I believe are the critical priorities for future research to strengthen and 
accelerate the progress of amassing an adequate number of faculty competent in assessing 
team skills.  
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9.7.4.1 Priority 1: Proficiency in Assessment: Skill Decay, Retention, and Revalidation 
  
Future research should aim to evaluate faculty proficiency at multiple time intervals (i.e. not 
simply assessing participants’ proficiency immediately after completing training). As 
identified in the expert consensus study, revalidation of faculty competency is critical. To the 
best of my knowledge, this is a key gap in the literature. One of the key factors that have been 
found to influence loss of skill is non-practice/non-use. [211] This is a real concern, in the 
context of team skills assessment in the operating theatre as such assessments are not 
routinely conducted.   
 
9.7.4.2 Priority 2: Robust Evaluation of Training 
 
There are still several evaluation components to determine the effectiveness of the training 
programme that were identified in the expert consensus study, that were not incorporated into 
the developed training programme. This was mainly due to the time-scale of the present 
research. For example, it was simply not feasible and beyond the scope of the present 
research to evaluate whether the training programme resulted in an improvement of patient 
safety in the operating theatre. To make such a statement, baseline team performance of 
participants would have had to have been gathered prior to attending the training programme 
and after the training programme. The sample size of such a study would be extremely large 
in order to ensure that it was of appropriate power.  
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9.7.4.2 Priority 3: Targeting Resources  
 
Furthermore, these results remained to be replicated with a large sample size. This would 
allow several important questions to be explored, that simply were not possible with the 
composition of faculty that attended the training programme, and also the size of the present 
sample. For example, it would have been interesting to have been able to conduct analyses of 
faculty and expert agreement at a sub-team level. This would determine whether there were 
any differences in ratings provided within sub-teams (i.e. anaesthetists’ ratings of 
anaesthetists) and between sub-teams (i.e. anaesthetists’ ratings of surgeons/nurses). This 
would shed light of how to best target training resources, for example, if there are no 
differences in the way in which teamwork performance is assessed by different operating 
team members, it may be worth considering training larger numbers of nurses rather than 
clinicians.  
 
9.8 Conclusions 
 
This is the first empirical study to incorporate expert-derived guidelines to train faculty to 
assess team skills and provide a multi-level evaluation of such a training programme. The 
training programme developed was shown to be feasible, well-received, effective in 
imparting knowledge and improving ‘faculty’s’ ability to assess team skills of operating 
theatre teams.  
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10 GENERAL DISCUSSION 
 
 
10.1 Chapter Outline 
 
This chapter provides an overall discussion of the work presented within this Thesis. Firstly, 
a brief outline of the background within which the research is situated is presented. This is 
followed by a brief summary of the aims of this Thesis and the studies conducted to address 
these aims. The key findings, limitations, implications for future research, and priorities for 
accelerating the integration of team skills into training and assessment are discussed. The 
chapter concludes with my personal reflections of completing this Thesis. 
 
10.2 Outlining the Problem 
 
Effective non-technical skills and teamwork are crucial to optimising safety and efficiency in 
the operating theatre.[12, 212] Despite the increasing recognition of the importance of such 
skills, surgical, nursing, and anaesthetic training continues to focus on technical knowledge 
and skill acquisition. As a result, individuals are required to develop their non-technical and 
team skills in an implicit manner; simply through observing the social, cognitive, and 
resource management skills of their role models; senior colleagues. Members of the operating 
theatre are expected to merge seamlessly to form high-performing teams. The fact that non-
technical and teamwork skills continue to contribute to adverse events, signifies that the 
reality is somewhat different to such idealistic expectations, and that current ‘training’ is 
inadequate.  The increased focus on non-technical and team skills to reduce errors and 
improve patient safety in the operating theatre has stimulated a large amount of research and 
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has resulted in numerous calls in the literature to incorporate non-technical and team skills 
into the education, training, and assessment of operating teams. [91-94, 202] Whilst this is 
encouraging, several challenges need to be addressed before non-technical and team skills 
can be successfully integrated into education, training, and assessment.  
 
10.3 Thesis Aims 
 
The overarching aim of this Thesis was to make a novel and scientifically robust contribution 
to the evidence-base to facilitate and accelerate the integration of non-technical and team 
skills into the education, training, and assessment of operating theatre teams. In order to 
achieve this aim, a number of secondary aims associated with three specific challenges to the 
successful integration of non-technical and team skills were addressed: 
 
1) Engaging Operating Theatre Teams: Raising Awareness of the Importance of Non-
Technical and Team Skills (Challenge 1: Understanding the impact of non-technical 
and team skills on surgical performance). This was achieved by conducting a 
systematic review of the literature to evaluate and synthesise the evidence-base of the 
impact of non-technical and team skills on performance in the operating theatre. 
(Chapter 3). 
 
2) Increasing Understanding of the Factors the Facilitate/Impede Teamwork 
Performance in the Operating Theatre (Challenge 1: Understanding the impact of 
non-technical and team skills on surgical performance). This was achieved by 
conducting two observational studies exploring the effects of stress (Chapter 5), and 
novel surgical techniques on teamwork (Chapter 6). 
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3) Ensuring Robust Assessment of Teamwork in the Operating Theatre (Challenge 2: 
Robust Assessment). This was achieved by content validating and refining the 
Observational Teamwork Assessment for Surgery (OTAS) tool (Chapter 4), and 
operative stage modification of OTAS (Chapter 6).  
 
4) Identify the Training Requirements for Training the Assessment of Non-Technical and 
Team Skills in the Operating Theatre (Challenge 3: Formal Training in the 
Assessment of Non-Technical and Team Skills). This was achieved by conducting a 
review of the literature (Chapter 7) and Expert Consensus study (Chapters 7 & 8) 
 
5) Formal Training in the Assessment of Non-Technical and Team Skills (Challenge 3: 
Formal Training in the Assessment of Non-Technical and Team Skills).  This was 
achieved by developing, piloting, and evaluating a training programme to train faculty 
to assess team skills (Chapter 9)   
 
10.4 Key Findings by Aim  
 
Aim 1: Engaging Operating Theatre Teams: Raising Awareness of the Importance of Non-
Technical and Team Skills. A systematic review of the literature was carried out to review, 
evaluate and synthesise the evidence-base of the impact of non-technical skills on 
performance in surgery (Chapter 3; Hull et al, 2012 [213]). This review explored the impact 
of a wide range of non-technical skills (behavioural, cognitive, and resource management 
skills) on technical performance in the operating theatre.  Overall, this review concluded that 
the non-technical performance of operating theatre teams does have an effect on technical 
performance. Furthermore, the review highlighted the importance of utilising 
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psychometrically robust assessment tools to evaluate non-technical skills, and the need for 
consistency in reporting to improve the robustness of the evidence base and increase our 
understanding of the relationship between non-technical skills and technical performance.    
 
Aim 2: Understanding Factors that Facilitate/Impede Team Performance in the Operating 
Theatre: Exploring the Effects of Stress on Teamwork Performance in the Operating Theatre 
A key finding of the systematic review of Chapter 3 was that the ability to cope with the 
deleterious impact of excessive levels of stress in the operating theatre is crucial to 
maintaining optimum technical proficiency. The review highlighted that research exploring 
stress and performance has typically concentrated on individual members of the operating 
theatre. I therefore decided to conduct an observational study to explore how stressful events 
are perceived by the entire operating theatre team and how such events impact team 
performance (Chapter 4; Hull et al, 2011[109]).   This study revealed that different members 
of the operating theatre team are likely to be more or less stressed at particular operative 
phases of surgery.  
 
Aim 3: Ensuring Robust Assessment of Teamwork in the Operating Theatre: Assessing the 
Content Validity of the Observational Teamwork Assessment for Surgery (OTAS) Tool 
As previously mentioned, the systematic review presented in Chapter 3 highlighted the 
importance of utilising robust non-technical and team skill assessment measures to ensure 
that conclusions drawn for such studies are valid. I therefore decided to assess the content 
validity of the teamwork assessment tool that I planned to utilise in future studies within this 
Thesis: The Observational Teamwork Assessment for Surgery (OTAS) tool (Chapter 5; Hull 
et al, 2011[137]). This multi-method, multi-phase study demonstrated that OTAS is 
psychometrically robust, and captures content valid behaviours that are important for 
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effective teamwork and patient safety in the operating theatre. Furthermore, the observational 
phase of the study provided further empirical evidence and support for the need to integrate 
team skills into training; operating teams frequently failed to engage in a large proportion of  
behaviours that are critical for effective team functioning (Hull et al, 2011[137]). What also 
became apparent during the observational phase of the study was the fluctuation of teamwork 
performance over the course of an operation. I therefore conducted a further observational 
study to systematically assess the degree of fluctuation in teamwork over the course of 
surgery (Chapter 6). This study found that fluctuations in teamwork performance are evident 
across technical phases of an operation, across sub-teams and behaviours (Hull et al, under 
review).  
 
Aim 4: Identifying the Training Requirements for Faculty to Assess Non-Technical and Team 
Skills in the Operating Theatre: Literature Review and Expert Consensus Study 
As previously mentioned, a crucial factor in integrating non-technical and teamwork in 
training and assessment is the formal, structured training of assessors. A review of the 
literature detailing training programmes that have been developed to train non-technical skill 
assessors specifically in surgery concluded that assessment of non-technical and team skills is 
a skill in itself, and that the training requirements for assessing non-technical and team skills 
in surgery have received little attention and remain unclear (Chapter 7). To address this gap 
in the literature, an expert consensus study was conducted to identify the training 
requirements for training faculty to provide reliable and valid non-technical skills 
assessments in surgery (Chapters 7 & 8). The study established consensus on guidelines for 
training non-technical skills faculty including who should be trained as faculty (including 
proficiency and revalidation/ recertification requirements) as well as the content, duration and 
evaluation of such a programme (Hull et al, in press[214]). 
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Aim 5: Development, Piloting and Evaluation of a Programme to Train Team Skills 
Assessment. In order to integrate non-technical and team skills into training and assessment 
the amassment of an adequate number of faculty trained to assess these skills is critical. 
Chapter 9 presented the first empirical study to incorporate expert-derived guidelines to train 
faculty to assess team skills, and provide a multi-level evaluation of such a training 
programme. The training programme was shown to be feasible, well-received, effective in 
imparting knowledge and improving ‘faculty’s’ ability to assess team skills of operating 
theatre teams. 
 
10.5 Methodological Issues and Limitations 
 
Inevitably, there are several limitations to the work presented within this Thesis, paving the 
way for future research. The limitations relating to each specific study are presented and 
discussed in the preceding, corresponding Chapters of this Thesis. This section presents a 
number of more general methodological issues and limitations that span across the studies 
presented in this Thesis.  
 
10.5.1 Observational Assessment of Teamwork 
 
The empirical chapters of this Thesis that assessed teamwork in the operating theatre 
(Chapters 4, 5, and 6) used real-time observation as the method of assessment. Whilst the 
limitations of self-assessment of teamwork (i.e. operating theatre teams assessing their own 
team skills) have been highlighted in previous chapters, as has the importance of assessors 
undergoing extensive training in order to ensure that the resultant assessment are accurate, it 
follows that the reliability and validity, and thus the generalisability, of the assessments that I 
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have conducted rely, in part, on my ability as an assessor. Whilst I am considered an ‘expert’ 
in assessing teamwork in the operating theatre; having undergone extensive training and my 
ability to assess teamwork having been subjected to formal reliability analysis with another 
expert ‘OTAS’ assessor, this is not to say that my scores always perfectly align with other 
expert assessors. This is a limitation of all observational research. In order to assess the 
accuracy of my assessments, a sub-set of the observations were assessed by other, blinded 
observers. Encouragingly, subsequent reliability analyses indicated strong agreement between 
myself and other ‘expert’ OTAS assessors. However, this in turn presents a more general 
problem in how the accuracy and thus the robustness of non-technical and team skills 
assessments is currently defined. At present, robustness is measured in terms of the level of 
agreement between the assessor and an expert. This is hardly ideal as reliability does not 
equate to validity.  Ensuring the validity of such assessments requires a greater understanding 
of what constitutes ‘good’ and ‘poor’ teamwork in the operating theatre. OTAS goes some 
way in identifying objective markers of effective team performance (i.e. exemplar 
behaviours) but there is a still a degree of subjectivity in teamwork assessments. Thus future 
research should seek to identify additional behavioural (or other) markers that contribute to 
effective teamwork in the operating theatre. 
 
10.5.2 Sample Sizes 
 
The sample sizes of the observational studies presented in this Thesis are relatively small. In 
total, I observed 90 surgical procedures (Chapter 4: 20 observations; Chapter 5: 30 
observations; Chapter 6: 40 observations). This limitation highlights the resource and time 
commitments necessary to conduct large scale observational studies, especially in the context 
of a Thesis project. The sample sizes were further restricted by additional factors such as list 
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cancellations, operating theatre teams not agreeing to being observed (although this was 
extremely rare), and having to abandon the observation because the operating theatre became 
too crowded. Similarly, the sample size of clinicians that attended the two training sessions 
(Chapter 9) was relatively small: 28 in total.  Although 50 clinicians were registered to 
attend, many did not attend and failed to provide notice until the morning of the training 
sessions, preventing additional recruitment efforts.  
 
10.5.3 Operating Theatre Teams 
 
Whilst the teamwork of the core operating theatre sub-teams (surgeons, anaesthetists and 
nurses) was focused upon in this Thesis, it is important to note that the aforementioned sub-
teams are not the only healthcare professionals involved in the provision of care in the 
operating theatre. Whilst this was not a significant limitation of the present research, due to 
the surgical procedures studied, this limitation is very much real when considering the non-
technical and team skills of other surgical specialities. For example, in the case of cardiac 
surgery, perfusionists are core members of the surgical team that OTAS, at present, does not 
capture. The limitation is very much a product of the infancy of the research field; 
unsurprisingly research efforts have been directed towards the identification, and subsequent 
development of assessment tools, to capture the key non-technical and team skills of the core 
operating theatre team. This gap is currently being addressed; for example researchers at 
Aberdeen University, having identified and developed non-technical skill assessment tools 
for anaesthetists (ANTS), surgeons (NOTSS), and scrub practitioners (SPLINTS), have 
recently begun to focus  upon the non-technical and teamwork skills of the anaesthetic 
assistant. [215] In summary, the identification and subsequent development of assessment 
tools, or modification of tools like OTAS, that capture the non-technical and teamwork skills 
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of ‘additional’ operating theatre team members is important to enhancing patient safety in the 
operating theatre.  
 
10.5.4 Surgical Pathway 
  
The research presented within this Thesis documents the importance of teamwork in the 
operating theatre. Whilst the studies in this Thesis explored team performance from the pre-
operative to post-operative phases of surgery (including the transfer of the patient to 
recovery), the surgical care pathway is far more extensive; from the point in which the 
decision to operate is made to the point in which the patient is discharged from hospital. This 
has many important implications; the potential for teamwork failures, and indeed medical 
errors, to creep into system spans not only a considerable amount of time, but also spans 
beyond the members of the operating theatre team.  Despite the explosion of interest in 
surgical patient safety, little attention has been placed on the non-technical and teamwork 
skills beyond the confines of the operating theatre.  This is a key gap in the literature that 
should be focused upon in future research, and is a gap that I have begun to address (details 
presented below). 
 
10.5.5 Scope of Outcome Measures 
 
The scope of outcome measures utilised in the present research somewhat limits the scope of 
implications that can be drawn from the findings. One of the key challenges that I sought to 
address in this Thesis was to raise awareness and increase our understanding of the factors 
that facilitate and impede surgical performance. Ideally the scope of outcome measures 
utilised in the observational studies would have extended beyond the measurement of 
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teamwork (Chapter 4, 5,and 6) and stress (Chapter 4). In addition, the systematic review 
presented in Chapter 3 reviewed the evidence base in relation to the impact on non-technical 
skills on technical performance in surgery. Thus, whilst the review concentrated on technical 
performance as the defining ‘outcome’ measure of surgical performance, this is obviously 
only one of many relevant outcome measures.  Not only should future research seek to 
increase our understanding of the impact of non-technical skills on technical performance, 
exploring the impact of non-technical and team skills on additional surgical performance 
parameters (such as patient outcomes, adverse events, complications following surgery, 
length of stay etc) would be ideal, albeit practically difficult (due to large sample sizes 
required and logistical issues in consistently obtaining these outcome measures). 
 
10.5.6 Observations in the ‘Wild’: Teamwork during Elective Surgical Procedures 
 
Whilst the observational studies presented in Chapters 4, 5, and 6 have the strength of being 
conducted in the ‘wild’ there are several limitations associated with employing this approach 
which became apparent during the course of the observations. Whilst non-technical and 
teamwork skills are essential during both routine and non-routine, all of the procedures 
observed were elective.  This resulted in the reliance of naturally occurring situations and 
circumstances in which team performance was overtly required and in turn may have 
restricted the quality of team performance observed. As previously highlighted, the 
observational study presented in Chapter 4, exploring stress and teamwork in the operating 
theatre, was carried out in the context of elective procedures of relatively low degree of 
difficulty. As a result, the levels of stress that were observed were low and this resulted in a 
sufficient lack of variability in stress and teamwork scores to precluded a robust correlational 
analysis between the two variables. A possible solution to this may be the use of simulation-
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based setting which allow for great manipulation and control of the environment. However, 
as pointed out in Chapter 3, the majority of the studies included in the systematic review were 
conducted in simulated environments and, in turn, the validity of these studies clearly rest 
upon the assumption that performance in a simulated environment is directly comparable to 
performance in the operating theatre. This remains an important knowledge gap that should 
be addressed in future research. Furthermore, it is important to note that little research has 
been conducted outside elective procedures. Future research should consider extending the 
scope of procedures observed (i.e. emergency surgery).  
 
10.5.7 Patient Involvement 
 
Whilst the work presented in this Thesis has focused on the teamwork of operating theatre 
teams, it is imperative not to lose sight of the fact that patients are at the heart of the 
healthcare system. The primary aim of the research presented in this Thesis was to facilitate 
and accelerate the integration of non-technical and team skills into the education, training, 
and assessment of operating theatre teams. However teamwork is one of many factors that 
contribute to the safety of surgical patients. An under-researched area that should be focused 
upon in future research is the role that surgical patients could potentially play in enhancing 
the safety of the care that they receive. It therefore may prove advantageous to further widen 
the scope of factors believed to influence surgical performance (as identified in the systems 
approach to surgery) to include the contribution of the patient (i.e. patient willingness and 
ability to contribute to the safety of their care). Research has begun to explore the role of 
patients in the reducing their susceptibility to medical errors.[216-219] Encouraging patients 
to become more involved in the care they receive and the best strategies to facilitate such 
behaviour is under-researched. Recent research has highlighted the key opportunities for 
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patient involvement along the surgical care pathway, for example Davis et al, 2012 [220] 
suggest that during the pre-operative stage patients should ask the surgeon to clearly mark the 
extremity that is to be operated on and verify that this is the correct surgical site. This is a key 
opportunity to prevent wrong site surgery. 
 
10.6 Future Research  
 
As stated above, and throughout the Thesis, there are several limitations that need to be 
addressed in future research. In addition to the specific limitations of the studies reported in 
this Thesis, the previous section discussed a number of limitations in the evidence base (e.g. 
team performance and assessment outside the operating theatre, patient involvement in 
surgical patient safety), in turn highlighting potential future research avenues. 
The following section details the work that I have begun to conduct to address some of the 
limitations of the research presented in this Thesis and in the evidence base in general.     
 
10.6.1 Training Faculty to Assess Non-Technical and Team Skills 
 
Perhaps the most apparent limitation of the Expert-Consensus study presented in Chapters 7 
and 8 is the sample of participants: all were UK based. This limitation is currently being 
addressed; I have recently initiated an Expert-Consensus survey-based study in the USA.  
The survey has been emailed to all members (375+ members) of Accredited Education 
Institutes (AEIs) of the American College of Surgeons, and specifically targets members that 
are involved in non-technical skills training and assessment. The results of this study will 
hopefully validate the results of the UK study and provide an insight into how such 
assessments are currently being conducted in the USA, where several modules are included in 
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Phase III of the American College of Surgeons and the Association of Program Directors in 
Surgery (ACS/APDS) Surgical Skills Curriculum [157] and several of the Accreditation 
Council for Graduate Medical Education (ACGME) competencies including interpersonal 
and communication skills and systems-based practice (www.acgme.org).  
 
10.6.2 Beyond the Operating Theatre: Surgical Ward Care 
 
As highlighted above, it is vital that research does not focus solely on team performance in 
the operating theatre; research needs to look at the different stages of the surgical pathway. 
Ward rounds are an integral stage of the surgical care pathway.  The daily ward round is an 
invaluable opportunity for the patient’s progress to be reviewed, management plans to be 
discussed and critical decisions to be made – whilst always keeping the patient at the centre 
of their care. Conducting ward rounds however can be a significant challenge given the 
conflicting time pressures on a surgeon’s schedule and the ever-changing nature of clinical 
teams working differing shift patterns. Not only can this disrupt the continuity of care but the 
resultant multiple handovers can lead to numerous opportunities for latent errors to creep into 
the system. Therefore to ensure adequate patient care and safety, ward rounds require a 
complex skill set including medical knowledge, clinical technical skills and teamwork skills. 
In addition, appropriate and effective physician-patient interaction and empathy is also 
critical. At present, no assessment measure exists to capture the technical skills or the non-
technical and teamwork skills specific to ward rounds. I have recently been involved in a 
project in which an assessment toolkit for surgical ward rounds was developed– including the 
“Teamwork Skills Assessment for Rounds” (TSAR) tool to assess team skills in ward rounds, 
the “Clinical Skills Assessment for Rounds” (CSAR) tool, which measures 
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clinical/procedural skills, and adaptation of an existing tool to assess physician-patient 
interaction during a surgical ward round. (Hull et al, in press)  
 
10.7 Implications  
 
10.7.1 Implications for Patient Safety  
 
The implementation of the work presented in this Thesis has the potential to enhance the 
safety of surgical patients; patients treated by operating theatre teams that perform effectively 
as a team, and not simply by a group of highly-trained and well-intentioned individual 
healthcare professionals, are less likely to be harmed. Thus, it follows that patients treated by 
teams that embrace the importance of teamwork, regularly evaluate (accurately) and 
effectively discuss team performance are likely to benefit from improved care. Furthermore, 
operating theatre teams that are aware of the factors that facilitate and impede team 
performance (in the context of this Thesis: the impact of stress and adopting novel surgical 
techniques) are more likely to better equipped to mitigate the negative consequences of such 
factors. 
 
10.7.2 Implications for Education, Training and Assessment  
 
Although it has become increasingly evident that safe surgery is dependent on the technical 
proficiency and the non-technical skills of surgeons, anaesthetists and nurses, non-technical 
and team skills remain absent from formal education, training and assessment. To date, 
despite countless recommendations to integrate these safety critical skills into undergraduate 
and postgraduate training, progress has been unsettlingly slow. Encouragingly, there are a 
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growing number of patient safety enthusiasts that have made significant progress, albeit at a 
unit or institutional level, in developing, piloting and evaluating non-technical skills and team 
training programmes and more recently in integrating non-technical skill assessment 
alongside technical skill assessments. [221] Furthermore, in terms of educating clinicians 
regarding the importance of non-technical skills to safe surgical practice, significant progress 
has recently been made to bring learning opportunities to the masses; The Royal College of 
Surgeons of Edinburgh (RCSEd) has collaborated with Aberdeen University to produce an 
online tutorial on the importance of human factors in surgery. Launched in August 2012, the 
online tutorial available to all RCSEd members (www.resed.ac.uk). 
 
10.7.3 Training Non-Technical and Teamwork Assessment: Reaching Beyond 
Enthusiasts 
 
The growing interest in non-technical skills and team performance in the operating theatre is 
evident from a variety of sources, perhaps most predominately in the ever expanding 
evidence base, inclusion in conference proceedings, and the creation of specialist research 
units (e.g. Centres for Patient Safety, funded by the National Institute for Health Research) 
and specialist conferences (e.g. Behavioural Sciences Applied to Surgery, Clinical Human 
Factors Group Open Seminar). This interest was mirrored in the interest received in the 
training programme presented in Chapter 9. Over 150 clinicians applied to attend the first 
course in April 2012. Unfortunately, but perhaps not surprisingly, this interest significantly 
reduced when course fees were introduced. This in itself has many important implications. At 
present, the willingness and eagerness to assess these skills appears to be confined to a 
handful of enthusiastic individuals that are prepared to pay to attend such courses. It is clear 
that to educate and train a significant number of clinicians in the necessary skills to provide 
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robust non-technical skills assessment and debriefing, such courses must be provided either 
for free or significantly subsidised. Unfortunately, this option is simply not financially viable 
or sustainable in the current economic climate, and leads to the necessary consideration of the 
cost of amassing faculty trained to conduct such assessments and training.   
 
10.7.4 Training Non-Technical and Team Skills Assessment: The Financial Burden 
 
In an era of economic downturn and increasing pressure from the Government to reduce NHS 
expenditure, the cost of incorporating non-technical and team skills training and assessment 
in the operating theatre cannot be ignored. Although the cost of implementation has not been 
formally assessed, there are several courses that are currently available that provide an 
indication. As previously mentioned in the introductory chapters of this Thesis the Royal 
College of Surgeons currently offers theatre team training, but course attendance costs £2000 
per operating theatre team. Other courses attract a course fee of approximately £250-£300 
(e.g. Crisis Avoidance and Resources Management (CARMa) course charges £275 per 
attendee). In terms of integrating the assessment of non-technical and team skills, the Royal 
College of Surgeons of Edinburgh runs the NOTSS (Non-Technical Skills for Surgeons) 
Masterclass which costs £400 per delegate. How the financial barrier can be minimised is of 
concern.   
 
In the short term, I believe there are a number of simple steps that should be taken to make 
attending such courses more ‘attractive’ to a wider range of clinicians (i.e. not simply the 
handful of enthusiasts).  Firstly, the General Medical Council (GMC), which registers and 
licenses doctors to practice medicine in the UK, stipulates that all doctors are required to 
participate in Continuing Professional Development (CPD); a continuing learning process to 
317 
 
maintain and improve their knowledge and performance. Although the onus of CPD is 
currently on the individual doctor, once revalidation is  introduced (as early as Dec 2012), all 
doctors will be required to gain a minimum of 250 credits over a five-year period (50 credits 
per year, one credit equates to one hour of educational activity). Thus, a simple and obvious 
step to encourage uptake would be to seek accreditation for such courses. The training 
programme presented in Chapter 9, has recently been granted course approval and awarded 5 
CPD points by the Royal College of Surgeons of England. Furthermore, I am currently in the 
process of applying to the Royal College of Anaesthetists for similar course accreditation.  
 
Secondly, in terms of team training programmes, a number of programmes have been 
developed to improve non-technical and team skills. Many have been modelled on Crew 
Resource Management (CRM) training: however these can be costly in terms of time and 
resources to implement. [134] It may be of benefit to seek inspiration from other professions 
for alternative, less resource intensive training strategies.  For example, mental practice, 
defined as ‘the cognitive rehearsal of a task in the absence of overt physical movement’ (p. 
481) [222] has been found to enhance performance in high-performance industries such as 
sport and music, [222] and suggested as an aid to promote learning of clinical skills (e.g. 
Rakestraw et al, 1983 [223]). The application of mental practice has recently been extended 
to surgery and shown to be a feasible, low-cost and effective training strategy in reducing 
stress, enhancing technical and non-technical skills and team performance in both novice and 
experienced surgeons. [224] Exploring the effectiveness of mental practice as a team training 
strategy warrants further investigation.  
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10.7.5 Accelerating Progress: The Role of Academic Experts and Centres 
 
Something that has become increasingly apparent during my PhD studies is the amount of 
interest that OTAS attracts on a national and international level. The global interest in OTAS 
spans from South America to Japan, and although such interest is very welcome it is often 
coupled with the responsibility of the research team to provide guidance and advice regarding 
implementation (e.g. training requirements) and project design to ensure that the resultant 
projects are scientifically sound. For example, the ‘OTAS’ team is currently providing advice 
on the translation and validation of OTAS into Spanish, German and Turkish. Whilst the 
example described above relates purely to the interest that I have received in relation to 
OTAS, the interest and advice sought spans beyond the measurement of teamwork.  Robust 
assessment of teamwork is not typically at the forefront of patient safety efforts, as such 
advice regarding how best to enhance teamwork in the operating theatre is much more 
commonly sought. In order to accelerate progress in the field, it has become clear that non-
technical and teamwork experts have the responsibility to provide such advice and ‘nurture’ 
enthusiastic clinicians and researchers that have the passion and desire to contribute to the 
field. In addition, experts have a responsibility to translate knowledge acquired through 
research into interventions (e.g. training courses). This vision is supported by funding bodies 
such as the National Institute of Health Research (NIHR), who recently provided funding to 
create two NIHR Patient Safety Translational Research Centres (PSTRCs). The two centres 
are partnerships between NHS organisations and academia, namely Imperial College NHS 
Trust and NHS Greater Manchester on behalf of Greater Manchester PCT Cluster. In essence, 
expert research teams (that have the capacity to do so) have a ‘duty’ to contribute to 
improving patient safety beyond simply conducting research and contributing to the 
evidence-base. Furthermore, if progress is to reach beyond enthusiasts it has become obvious 
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that ‘experts’ have the additional responsibility to develop and establish links with regulatory 
bodies (e.g. the RCS and RCA) to provide the much needed face validity to the field, and 
facilitate the importance of these ‘soft’ skills to be filtered down to the clinicians at the sharp 
end of patient care.  
 
10.8 Personal Reflections 
 
Prior to joining the Centre for Patient Safety and Service Quality, my experience of the 
healthcare system was very limited. The introduction to the concept and ‘world’ of patient 
safety was one of mixed emotions.  Firstly, I was shocked at the magnitude and nature of 
harm caused by the very place that is meant to heal and cure. Of course I had been exposed to 
media reports about tragic individual cases, but naively believed that such incidents were 
isolated, and simply attracted the attention of the media due to the devastating nature of harm 
suffered. Secondly, I felt a mixture of admiration and excitement. Admiration towards the 
individuals that had devoted their careers and have worked tirelessly to try and ‘fix’ the ills of 
the healthcare system and excitement at the prospective of being able to contribute to this 
feat.   
 
I still remember the first time I was’ introduced’ to the operating theatre; the huge sense of 
uncertainty-not knowing quite where was ‘safe’ to stand, not wanting to move or make a 
sound just in case I distracted the team, the feeling of not quite knowing what my 
professional place was among surgeons, anaesthetists and nurses. I was amazed by the 
relaxed and informal nature of the operating team. Of all music choices- ‘Dancing Queen’ 
was playing in the background- I couldn’t believe what I was hearing, I found the whole 
experience very surreal. I remember being introduced to the team as a theatre ‘first timer’. 
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The jokes about fainting (although at that stage I feared this may become a reality), the 
‘interrogating’ questions of why a non-clinician was in theatre-at that point I really was not 
sure of the answer. The smell of diathermy as the surgeon was making an incision-I was told 
by one surgeon that I would soon get used to the smell and that it reminded him of summer 
barbeques- the first is true the second statement I still find rather strange and amusing. After a 
few more visits to the operating theatre-my purpose in the theatre became very apparent.  
 
These initial visits to the operating theatre and the theoretical introduction to the ‘world’ of 
patient safety were the start of a very rewarding journey. I have gained many invaluable 
experiences and skills, on both a professional and personal level. I have learnt the skill of 
writing for publication, submitting abstracts for conference presentations, applying for ethics, 
using research methods that although I was aware of had never had the opportunity to apply. 
On a personal level, all of these skills have resulted in me becoming a more confident 
researcher with a vision of the research and associated responsibilities that need to be 
conducted and fulfilled to further contribute to the field. 
 
Taking a step-back from the PhD, I am truly grateful for the opportunities and experiences I 
have had during my time at Imperial College. I never envisaged that my career as a 
researcher would have led to the operating theatre, a world away from my previous 
experiences of research in an experimental psychology department, carrying out various 
abstract tasks predominantly on a computer. I believe that the research presented within this 
Thesis has achieved the aims set and provides an important contribution to facilitating and 
accelerating the integration of non-technical and team skills into the education, training and 
assessment of operating theatre teams. It is clear than more work needs to be done in this 
field, and I feel privileged that I can actively contribute to it.   
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APPENDIX A:  Invitation to Expert Consensus Panel 
Training Requirements for the Assessment of Non-Technical Skills in Surgery: UK 
Expert Consensus 
Louise Hull, Sonal Arora, Rajesh Aggarwal, Charles Vincent, Nick Sevdalis 
Invitation 
You are being invited to take part in an Expert Consensus Panel (ECP) to determine the training requirements for the 
assessment of non-technical skills in surgery. 
What is the purpose of this Group?  
Despite increasing understanding of the importance of effective non-technical skill performance in the Operating 
Theatre (OT), there remain few behavioural scientists and clinicians that both understand the unique environment of 
the OT and are trained to observe and assess non-technical skills. To date, the training requirements for the assessment 
of non-technical skills in surgery remain unclear. The purpose of this ECP is to obtain expert consensus on the 
training requirements of non-technical skill assessment in surgery.  
Why have I been chosen? 
You have been chosen because you are an expert in the development and/or psychometric testing of non-technical 
skills and teamwork assessment measures in healthcare. We have identified approximately 20 experts in the UK, who 
we envisage will form the ECP.  
What will I have to do if I agree to participate? 
If you agree to take part in the ECP, you will be asked a series of questions regarding training requirements for the 
assessment of non-technical skills in surgery. Interviews will be approximately 15 minutes long and will take place 
using the telephone reducing the need to travel. This information will then be fed into a series of Delphi 
questionnaires (administered electronically) to identify and obtain consensus across UK experts regarding the key 
training requirements. We anticipate the Delphi process will have approximately 2 rounds. In total, participation in the 
ECP will take you no longer than 1hr.  
We will contact you shortly, to see whether you would like to take part in the ECP. If you accept this invitation, we 
will arrange an interview with you at a time convenient for you. The project start date is Jan 2011.  
Intended output 
We aim to disseminate this work through a peer-reviewed publication and conference presentation. All members of 
the expert panel group will be individually named and fully acknowledged.  
Contact for further information 
If you would like further information about this project please contact Miss Louise Hull: Email: l.hull@imperial.ac.uk 
Tel: +44 (0)20 7594 9726   Fax: +44 (0) 020 7594 3127.    
Expert inclusion criteria 
 Development and/or psychometric testing of non-technical skills and teamwork assessment measures in 
surgical contexts. 
 Extensive experience of assessing non-technical skills in surgery evidenced via peer-reviewed publications. 
 Based in UK.  
 
If you know of a colleague that fits these inclusion criteria, we would be extremely grateful if you would provide us with their 
contact details so that we can invite them to form part of the ECP.  
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APPENDIX B: Topic Guide 
STANDARDISED INFORMATION: 
 Introduction to project; aims and rationale 
 Seek permission to record interview (confidentially)   
1. Trainer(s) 
Who do you think should train faculty to assess non-technical skills? 
 Professional background (clinicians/human factors/psychologists) 
 Experience (NTS tool development, NTS education/training/assessment) 
 Level of trainer (Consultant/senior trainee/experience of non-clinicians) 
 How many instructors should be involved in the delivery of a training programme 
 If more than one, should trainers be from different backgrounds 
2. Faculty 
Who do you think a training programme to assess non-technical skills should be aimed at? 
 Professional background  
 Level of experience 
 Do you think trainees from different backgrounds (specifically clinicians/non-
clinicians) require tailor training? Or can there be a generic programme suitable for 
all? 
 Additional component to non-clinicians (inexperience of surgical environment) 
 Additional component to clinicians (human factors) 
3. Structure of Training Programme 
What should a training programme consist of (in terms of content coverage)? 
 Background in human factors 
 NTS tool introduction 
 Simulated video clips/real video clips (length/number of videos) 
In what format should the training be delivered? 
 Training environment-classroom based/workshop based/ lecture/real theatre 
(combination) 
 Tool specific 
4. Size of training group 
Optimum training group size? 
 Maximum training group size  
5. Duration of training programme 
How long do you think that a training programme should be? 
 Feasible/Practical  
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 Single session/over a period of time 
6. Effectiveness of Training Programme 
How should the effectiveness of a training programme be evaluated? 
 Trainee confidence 
 Reliability with expert assessor? 
 How often, if at all, do you think trainees should be assessed to ensure that they 
continue to be reliable with expert assessors? 
7. Criteria for feedback/research/high-stake assessments 
Should different reliability criteria be applied to recipients that want to assess NTS for 
different purposes? 
 Feedback/research 
 Assessment (high-stake for e.g. revalidation) 
8. Additional requirements 
Any additional requirements/comments that haven’t been addressed 
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APPENDIX D: Multiple Choice Questions 
 
NAME:.............………….…….........................SPECIALITY:………….............................
GRADE/LEVEL:.....……………….....YEARS AT PRESENT GRADE/LEVEL................ 
 
Please read the following questions and circle one of the four available options to 
indicate your answer. Please select one option per question.  
 
Q1 The ‘systems approach’ to error and performance in healthcare describes...  
A 
B 
C 
D 
A hypothesis-driven randomised control design to test patient safety interventions  
Individual, team and environmental factors that contribute to good and poor performance and error 
An approach to equipment design and safety checking  
A training method for junior healthcare personnel  
Q2 Which of the following statements is true? 
A 
B 
C 
D 
Most clinical errors are the result of careless actions of healthcare practitioners 
Most clinical errors are a result of systems failures 
Most clinical errors are unavoidable 
Most clinical errors are a results of lack of skills and knowledge 
Q3 Which of the following statements is true? 
A 
B 
C 
D 
Assessing teamwork in the operating theatre can identify training needs for individuals/teams/departments 
Assessing teamwork in the operating theatre should be used to punish individuals who are poor team players 
Teamwork in the operating theatre cannot be assessed by non-clinicians  
All of the above 
Q4 Which of the following statements is true? 
A 
B 
 
C 
D 
‘Rater Error Training’ can eradicate all ratings errors associated with the assessment of teamwork skills 
‘Rater Error Training’ is ONLY necessary if assessing teamwork for research purposes (i.e. for publication in 
a peer-reviewed journal) 
‘Rater Error Training’ is designed to minimise errors by increasing awareness of familiar errors 
All of the above  
Q5 Which of the following can be problematic when assessing teamwork? 
A 
B 
C 
D 
Being very familiar with the assesse/s prior to the assessment  
Not knowing at all the theatre team that is being assessed  
Having 2 assessors who are blinded to each other’s assessments  
All of the above  
Q6 Which of the problems below can be addressed by training assessors? 
A 
B 
C 
D 
Assessees’ stress while being assessed  
The reliability of the assessment tool  
Inaccurate detection and categorisation of a behaviour    
All of the above  
Q7 What is a ‘gold standard’ in the context of assessors’ training?  
A 
B 
C 
D 
An expert-derived, consensus-based score for a given behaviour presented to trainee assessors  
The best behaviour as agreed by experts in a given situation in the operating theatre  
The minimum standard of behaviour expected of a trainee clinician during a crisis in the operating theatre  
None of the above  
Q8 Why is it important to train assessors to assess team skills?  
A 
B 
C 
 
D 
Because team skills in theatres are the hardest behaviours to observe and assess  
Because surgeons, anaesthetists and theatre nurses are likely to disagree on their observations  
Because assessors ought to be able to use assessment tools reliably, i.e., to agree in their observations & 
scoring   
Because it makes assessment easier to do in an operating theatre   
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Q9 Which of the following components are recommended for training team assessors?  
A 
B 
C 
D 
Complete an initial rater training on an assessment rating system 
Formal assessment as competent and calibration following rater training in the classroom 
Regular re-calibration for continuing use of the assessment rating system 
All of the above 
Q10 Which one the following is NOT a guideline for training team assessors in theatre contexts?  
A 
B 
C 
D 
Trainee assessors should discuss their individual ratings of theatre teams and provide reasons for them  
Trainee assessors should be given instruction on the assessment instrument   
Trainee assessors should be given video-taped theatre teams to score to learn how the assessment works    
Trainee assessors should be given expert assessors’ ratings in advance of watching theatre teams and scoring 
them on their own so they can learn how the assessment works  
Q11 When is systematic leniency a bias in assessment? 
A 
B 
C 
D 
When a lenient assessor is paired with a strict assessor, because their ratings will not agree   
When a lenient assessor is paired with a strict assessor, because the strict assessor will provide better feedback 
Always, because systematic leniency leads to inaccurate and invalid assessment  
It depends on the aims of the assessment – if the aim is to provide feedback then leniency is not a problem  
Q12 Which of the following statements is true for the Observational Teamwork Assessment for Surgery 
tool? 
A 
B 
C 
D 
OTAS is based on a similar tool used by pilots in aviation training & assessment  
OTAS was developed specifically for operating theatres  
OTAS can only be used in real theatres – not in simulation-based training  
All of the above 
Q13 The Observational Teamwork Assessment for Surgery Tool assesses which of the following teamwork 
behaviours; 
A 
B 
C 
D 
Communication, Task management, Cooperation, Leadership, Situational Awareness 
Stress management, Dispute resolution, Leadership, Communication 
Dispute resolution, Leadership, Communication, Situation awareness 
Communication, Cooperation, Coordination, Leadership, Situational Awareness 
Q14 ‘Exemplar’ behaviours are ...  
A 
B 
C 
D 
Behaviours to avoid at all costs because they can lead to patient harm 
Behaviours that the Institutes of Medicine defined as key for patient safety  
Examples of observable behaviours that are used within teamwork assessment tools  
Examples of how to deliver patient safety training   
Q15 Which of the following statements is true? 
A 
B 
C 
D 
Observational Teamwork Assessment for Surgery (OTAS) behaviours are rated on a 4-point scale 
Observational Teamwork Assessment for Surgery (OTAS) behaviours are rated on a 5-point scale 
Observational Teamwork Assessment for Surgery (OTAS) behaviours are rated on a 6-point scale 
Observational Teamwork Assessment for Surgery (OTAS) behaviours are rated on a 7-point scale 
Q16 Effective components of debriefing include:   
A 
B 
C 
D 
Engaging learners and encouraging them to self-reflect on their performance 
Feedback on technical and non-technical performance 
Identification of strategies for improvement that can be applied in future 
All of the above 
Q17 The Objective Structure Assessment of Debriefing tool can be used to: 
A 
B 
C 
D 
Reduce the time to provide feedback to trainees 
Structure and guide a performance debriefing session 
Provide feedback to trainees in a simulated environment ONLY 
Structure and guide feedback on non-technical skills ONLY 
Q18 The SHARP tool can be used to: 
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A 
B 
C 
D 
Improve attitudes to teamwork 
Guide feedback on teamwork skills 
Guide feedback on teamwork and technical skills 
Improve information transfer between the operating theatre and recovery 
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APPENDIX E: Teamwork Attitudes Questionnaire 
 
TeamSTEPPS™ Teamwork Attitudes Questionnaire  
The purpose of this survey is to measure your impressions of various components of 
teamwork as it relates to patient care and safety. 
Instructions: Please respond to the questions below by circling the number in the box that 
corresponds to your level of agreement from Strongly Disagree to Strongly Agree. Please 
select only one response for each question.  
 Strongly 
Disagree 
Disagree Neutral Agree Strongly 
Agree 
Team Structure      
It is important to ask patients and their families for feedback 
regarding patient care. 
1 2 3 4 5 
Patients are a critical component of the care team. 1 2 3 4 5 
This facility's administration influences the success of direct care 
teams. 
1 2 3 4 5 
A team's mission is of greater value than the goals of individual 
team members.  
1 2 3 4 5 
Effective team members can anticipate the needs of other team 
members.  
1 2 3 4 5 
High-performing teams in health care share common 
characteristics with high-performing teams in other industries.  
1 2 3 4 5 
Leadership      
It is important for leaders to share information with team 
members. 
1 2 3 4 5 
Leaders should create informal opportunities for team members 
to share information.  
1 2 3 4 5 
Effective leaders view honest mistakes as meaningful learning 
opportunities. 
1 2 3 4 5 
It is a leader's responsibility to model appropriate team 
behaviour. 
1 2 3 4 5 
It is important for leaders to take time to discuss with their team 
members plans for each patient. 
1 2 3 4 5 
Team leaders should ensure that team members help each other 
out when necessary. 
1 2 3 4 5 
Situation Monitoring      
Individuals can be taught how to scan the environment for 
important situational cues. 
1 2 3 4 5 
Monitoring patients provides an important contribution to 
effective team performance. 
1 2 3 4 5 
Even individuals who are not part of the direct care team should 
be encouraged to scan for and report changes in patient status.  
1 2 3 4 5 
It is important to monitor the emotional and physical status of 
other team members.  
1 2 3 4 5 
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It is appropriate for one team member to offer assistance to 
another who may be too tired or stressed to perform a task. 
1 2 3 4 5 
Team members who monitor their emotional and physical status 
on the job are more effective.  
1 2 3 4 5 
Mutual Support      
To be effective, team members should understand the work of 
their fellow team members. 
1 2 3 4 5 
Asking for assistance from a team member is a sign that an 
individual does not know how to do his/her job effectively.  
1 2 3 4 5 
Providing assistance to team members is a sign that an individual 
does not have enough work to do.  
1 2 3 4 5 
Offering to help a fellow team member with his/her individual 
work tasks is an effective tool for improving team performance. 
1 2 3 4 5 
It is appropriate to continue to assert a patient safety concern 
until you are certain that it has been heard.  
1 2 3 4 5 
Personal conflicts between team members do not affect patient 
safety. 
1 2 3 4 5 
Communication      
Teams that do not communicate effectively significantly increase 
their risk of committing errors.  
1 2 3 4 5 
Poor communication is the most common cause of reported 
errors.  
1 2 3 4 5 
Adverse events may be reduced by maintaining an information 
exchange with patients and their families.  
1 2 3 4 5 
I prefer to work with team members who ask questions about 
information I provide.  
1 2 3 4 5 
It is important to have a standardized method for sharing 
information when handing off patients. 
1 2 3 4 5 
It is nearly impossible to train individuals how to be better 
communicators.  
1 2 3 4 5 
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APPENDIX F: Intra-Training Data Analyses Across All Training Videos 
Video Scenario 1: Intra-Training (Pre-Operative) 
 
  
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean 
Rating (SD) 
 
Expert 
Rating 
 
Mean Signed 
Difference 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 26 0 5 1.15 (0.88) 1 +0.15 
Coordination 26 0 5 1.19 (1.02) 1 +0.19 
Cooperation 26 0 5 1.10 (0.94) 1 +0.10 
Leadership 26 0 6 1.17 (1.26) 1 +0.17 
Team Monitoring/Situational Awareness 26 0 5 1.17 (1.10) 2 -0.83 
Nursing 
Communication 26 0 4 2.65 (1.20) 4 -1.35 
Coordination 25 0 5 2.88 (1.05) 4 -1.12 
Cooperation 25 0 4 2.52 (0.87) 4 -1.48 
Leadership  25 0 5 2.24 (1.20) 4 -1.76 
Team Monitoring/Situational Awareness 26 0 5 2.88 (1.07) 3 -1.12 
Anaesthetic  
Communication 26 0 3 1.50 (0.99) 1 +0.50 
Coordination  25 0 4 2.00 (1.26) 2 0.00 
Cooperation 26 0 3 1.54 (0.99) 1 +0.54 
Leadership 26 0 3 1.42 (1.07) 2 -0.58 
Team Monitoring/Situational Awareness 26 0 3 1.73 (0.92) 1 +0.73 
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Video 2: Intra-Training (Pre-Operative) 
 
  
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean 
Rating (SD) 
 
Expert 
Rating 
 
Mean Signed 
Difference 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 26 4 6 5.19 (0.57) 5 +0.19 
Coordination 26 4 6 5.23 (0.59) 4 +1.23 
Cooperation 26 4 6 5.23 (0.51) 5 +0.23 
Leadership 26 3 6 4.81 (0.80) 4 +0.81 
Team Monitoring/Situational Awareness 26 4 6 5.04 (0.66) 4 +1.04 
Nursing 
Communication 26 4 6 5.23 (0.59) 4 +1.23 
Coordination 26 4 6 5.23 (0.59) 4 +1.23 
Cooperation 25 3 6 5.24 (0.72) 4 +1.24 
Leadership  25 3 6 4.72 (0.84) 4 +0.72 
Team Monitoring/Situational Awareness 25 3 6 5.04 (0.74) 5 +0.04 
Anaesthetic  
Communication 26 5 6 5.50 (0.51) 6 -0.50 
Coordination  26 5 6 5.46 (0.51) 5 +0.46 
Cooperation 26 5 6 5.42 (0.50) 6 -0.58 
Leadership 26 5 6 5.65 (0.49) 6 -0.35 
Team Monitoring/Situational Awareness 26 5 6 5.58 (0.50) 5 +0.58 
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Video 3: Intra-Training (Intra-Operative) 
 
 
 
 
 
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean 
Rating (SD) 
 
Expert 
Rating 
 
Mean Signed 
Difference 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 26 0 5 2.52 (0.94) 2 +0.52 
Coordination 25 0 3 2.40 (0.71) 3 -0.60 
Cooperation 26 0 5 2.56 (1.33) 3 -0.44 
Leadership 26 0 5 2.10 (0.98) 2 +0.10 
Team Monitoring/Situational Awareness 26 1 4 2.81 (1.06) 4 -1.19 
Nursing 
Communication 26 0 4 1.85 (0.88) 2 -0.15 
Coordination 26 0 3 1.67 (0.79) 2 -0.33 
Cooperation 26 0 4 1.85 (1.01) 2 -0.15 
Leadership 26 0 3 1.65 (0.89) 2 -0.35 
Team Monitoring/Situational Awareness 26 0 3 1.44 (0.85) 2 -0.56 
Anaesthetic  
Communication 26 0 6 4.81 (1.39) 5 -0.19 
Coordination 26 2 6 4.73 (1.15) 5 -0.27 
Cooperation 26 0 6 4.60 (1.50) 5 -0.40 
Leadership 26 0 6 5.00 (1.44) 6 -1.00 
Team Monitoring/Situational Awareness 26 0 6 4.81 (1.58) 6 -1.19 
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Video 4: Intra-Training (Intra-Operative) 
 
 
 
 
 
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean 
Rating (SD) 
 
Expert 
Rating 
 
Mean Signed 
Difference 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 26 2 5 2.92 (0.69) 3 -0.08 
Coordination 26 2 5 3.08 (0.56) 3 +0.08 
Cooperation 26 1 5 3.12 (0.71) 3 +0.12 
Leadership 26 0 5 2.54 (1.03) 2 +0.54 
Team Monitoring/Situational Awareness 26 1 5 2.50 (0.91) 3 -0.50 
Nursing 
Communication 26 3 6 5.00 (0.69) 5 0.00 
Coordination 26 3 6 4.46 (0.91) 4 +0.46 
Cooperation 25 3 6 4.76 (0.83) 5 -0.24 
Leadership 26 4 6 5.15 (0.54) 5 +0.15 
Team Monitoring/Situational Awareness 26 3 6 5.00 (0.63) 5 0.00 
Anaesthetic  
Communication 26 0 3 2.19 (0.94) 3 -0.81 
Coordination 26 0 5 2.35 (1.09) 3 -0.65 
Cooperation 26 0 5 3.10 (1.13) 3 +0.10 
Leadership 26 0 3 2.15 (0.93) 3 -0.85 
Team Monitoring/Situational Awareness 26 0 3 1.69 (0.74) 2 -0.31 
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Video Scenario 5: Intra-Training (Intra-Operative) 
 
 
 
 
 
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean 
Rating (SD) 
 
Expert 
Rating 
 
Mean Signed 
Difference 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 26 4 6 5.35 (0.56) 6 -0.65 
Coordination 26 3 6 5.04 (0.82) 5 +0.04 
Cooperation 26 4 6 5.27 (0.60) 5 +0.27 
Leadership 26 4 6 5.23 (0.59) 6 -0.77 
Team Monitoring/Situational Awareness 26 4 6 4.87 (0.69) 5 -0.13 
Nursing 
Communication 26 2 5 4.27 (0.87) 3 +1.27 
Coordination 25 2 6 4.48 (1.05) 4 +0.48 
Cooperation 26 2 6 4.42 (0.99) 4 +0.42 
Leadership 26 2 6 3.73 (0.87) 3 +0.73 
Team Monitoring/Situational Awareness 26 2 6 4.31 (0.97) 4 +0.31 
Anaesthetic  
Communication 26 3 5 3.92 (0.63) 4 -0.08 
Coordination 26 3 5 3.31 (0.55) 4 -0.69 
Cooperation 26 3 5 3.38 (0.57) 4 -0.62 
Leadership 25 3 5 3.28 (0.54) 4 -0.72 
Team Monitoring/Situational Awareness 26 3 5 3.88 (0.82) 5 -1.18 
 
 
358 
 
Video Scenario 6: Intra-Training (Post-Operative) 
 
 
 
 
 
OTAS BEHAVIOUR N 
Min 
Rating 
Max 
Rating 
Mean Rating 
(SD) 
 
Expert 
Rating 
 
Mean Signed 
Difference 
O
T
 S
U
B
T
E
A
M
 
Surgical 
Communication 26 4 6 5.15 (0.54) 6 -0.85 
Coordination 26 3 6 4.50 (0.95) 5 -0.50 
Cooperation 26 3 6 4.46 (0.95) 5 -0.54 
Leadership 26 3 6 5.15 (0.68) 6 -0.85 
Team Monitoring/Situational 
Awareness 
26 3 6 4.50 (0.91) 6 -1.50 
Nursing 
Communication 26 3 6 3.92 (0.85) 4 -0.08 
Coordination 26 3 6 3.62 (0.85) 5 -0.38 
Cooperation 26 3 6 3.85 (0.83) 5 -1.15 
Leadership 26 3 6 3.58 (0.81) 3 +0.58 
Team Monitoring/Situational 
Awareness 
26 3 6 3.85 (0.93) 4 -0.15 
Anaesthetic  
Communication 26 3 6 4.42 (0.76) 5 -0.58 
Coordination 26 3 6 4.12 (0.82) 5 -0.88 
Cooperation 25 3 6 4.20 (1.04) 6 -1.80 
Leadership 26 3 6 4.00 (0.85) 4 0.00 
Team Monitoring/Situational 
Awareness 
26 3 6 4.12 (0.95) 5 -0.88 
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APPENDIX G: Post-Course Evaluation: Free Text Comments 
 
FREE TEXT COMMENTS 
 
Strengths of 
Course 
Excellent. Good faculty and good mix; psychologists, surgeon, anaesthetist, 
medic. (P2) 
The course is delivered to interested colleagues and the ‘feedback’ has been 
excellent and stimulating. I am unsure how it will be received in a less 
engaged audience (P3) 
Enthusiastic faculty able to demonstrate the course theory. Delegate 
interaction (P5) 
Excellent design and opportunity to discuss fundamental issues for a 
successful and productive theatre environment. (P6) 
Objective and very interactive session (P7) 
Interactive (P8) 
Multidisciplinary. NTS context well set. Opportunities to practice using OTAS 
tool (P9) 
Very informative. Easy to understand (P10) 
Very engaging. Excellent faculty. High tech. Teaching facilities. New idea at 
least for me (P13) 
Interaction. Structure environment provided (P14) 
Good platform for discussion (P15) 
Good engagement with participants. Right length and content (P17) 
Good to have access to an objective assessment tool (P20) 
Well delivered, interactive, approachable faculty. Relevant to everyday 
practice. (P21) 
Great videos with appropriate demonstration of non-technical skills. Clear 
engaging faculty with a defined objective. Being required to complete an 
OTAS (assessment) at the start of the session having never used it before and 
not even knowing the rating scale is, in my view, a bit pointless. (P22) 
Experience faculty. Good balance of theory/practice/humour (P23) 
Considered all comments from delegates and valued them (P24) 
Interactive and discussion based (P25) 
Interactive. Mix of didactic and interactive teaching methods. Good to have 
researchers and psychologists teaching us on behavioural aspects (P26) 
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Excellent course, delivered very well (P27) 
Simple concept. Video-based learning. Interactive. Knowledgeable speakers. 
Out of the box thinking. (P28) 
Suggestions 
for 
Improvement  
May be have nurse from recovery or theatre; just for completeness. (P2) 
I think the videos are too “ER set” and manufactured. It would have been 
preferable to use examples from real life practice and perhaps from televised 
medical programmes e.g. Holby City, to draw out differences from real life 
and simulation (P3) 
Audiovisual facilities are excellent but slicker changeover between 
slides/videos would optimise professionalism. Lunch/coffee etc in separate 
room perhaps. Follow up of delegate to see who has actually made attempts 
to implement OTAS etc. (P5) 
Individual remote control scoring of videos that can be shown on screen to 
see group ranges and trends and aid discussion. (P6) 
Present objectives to participants prior to starting the programme? Please 
allocate participants to an assigned group in order to get a good mix of 
professional background from the group. (P7) 
Proper room (P8) 
Pre-course: questionnaire and NTS context sent out by email. Suggest an 
additional column for adjusted ratings (following group discussions) prior to 
revealing the ‘expert’s scores’ (P9)  
Need more ‘sessions’ to be proficient in OTAS. Dissemination of OTAS (P10) 
Very intellectually draining trying to remember all criteria for assessment 
etc. Not sure how it can be made less turgid and more exciting!?! (P12) 
Need more time during video assessment for discussion. Possibly explain to 
all participants at the beginning the need to fill in pre-course questionnaire-
as it takes time (P15) 
SHARP also looks like a really useful tool, and it was a bit skimmed over. 
Would have like more of an opportunity to discuss the actual human factors 
qualities we seek to improve, rather than emphasising OTAS so heavily. 
(P20) 
Less time on scoring, more on the ‘domains’ assessed with examples (visual) 
particularly situation awareness. More time on feedback (P21) 
Too much emphasis on scoring numbers when in the analysis the faculty 
agree that ‘ball part’ results are meaningful-which I believe they are if what 
you are trying to achieve, is an improvement in team working. (P22)  
More clarity for participants on what individual domains of OTAS are 
assessing-particularly the distinction between communication/co-
ordination/situation awareness. ? Videos of debriefing to discuss. Today was 
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anaesthetic dominated-? Minimum quotas for surgical/anaesthesia/nursing. 
?’Real world’ evidence e.g. SCIP data. Before and after OTAS scores.(P23) 
Possibly follow up delegates, visit their hospitals to see examples of the OTAS 
in use (P24) 
Routine videos (P25) 
Try putting us into a simulator/real-life environment and scoring each other 
and comparing to ‘experts’ rating (P26) 
May be watching the behaviours in simulation suite as some of the videos 
clips did not probably convey the whole picture (P27) 
Questionnaire unnecessary (P28) 
Additional 
Comments 
Much overlap conceptually with TCP/TTT courses although terminology 
significantly different (Not a criticism). Have MCQ’s tested for bias? (P5) 
Quite a bit of distraction from the catering staff (P7) 
Thank you! (P6) 
Good work (P8) 
Too many forms (P9) 
Instead of having ‘individuals’ it would be better for a team 
(Doctors/Nurses/ODP’s) to come together for this training. Would be more 
beneficial. (P10) 
American questionnaire-difficult to understand!? (P12) 
Thank you very much! (P14) 
Enlightening course (P15) 
Helpful to have an agenda for the day (P17) 
Useful day: thank you very much (P20) 
Great value-would be useful to have one faculty member at a 
multidisciplinary meeting in our trust-is this possible? (P21) 
Good venue, great food, many thanks (P22) 
M&S sandwiches-good call!! ? ‘Road shows’-this is very portable (P23) 
Cushion chairs please  (P24) 
Brilliant!! Thanks!! (P27) 
Good food. Good venue. (P28) 
 
 
